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L I S T  O F  F I G U R E S  (CO NT IN UE D )
I s o e n z y m e s  h a v e  b e e n  the o b je c t  of in te n s e  s t u d ie s  in both 
plants and a n im a ls  fo r  the past  ten y e a r s .  T w o  r e c e n t  and c o m ­
p r e h e n s i v e  r e v i e w s  h a v e  b e e n  w ri t ten  on animal i s o e n z y m e s  
( L a t n e r ,  1 9 6 7 )  and plant i s o e n z y m e s  ( S h a n n o n ,  1 9 6 8 ) ,  and i s o ­
e n z y m e s  h a v e  b e e n  the o b j e c t  of a r e c e n t  b o ok  (W ilk in so n ,  1 9 6 6 ) .  
T h e  m a j o r  te ch n iq u e  u s e d  in the study of i s o e n z y m e s  h a s  b e e n  gel  
e l e c t r o p h o r e s i s ;  a te c h n iq u e  that w a s  f i r s t  d e s c r i b e d  b y  S m i t h i e s  
( 1 9 5 5 )  and w h ich  h a s  u n d e r g o n e  c o m p a r a t iv e ly  little c h a n g e  s i n c e  
its  f i r s t  d e s c r i p t i o n s .
T h e  t e r m  i s o z y m e  w a s  f i r s t  in t ro d u c e d  by M a r k e r t  and 
Mf^ller ( 1 9 5 9 )  to d e s c r i b e  the dif ferent m o l e c u l a r  f o r m s  of p r o t e in s  
w hich  exhibi t  the s a m e  e n z y m a t i c  s p e c i f i c i ty .  In 1 9 6 4 ,  the t e r m  
i s o e n z y m e  w a s  adopted by  the S ta n d in g  C o m m it te e  on  E n z y m e s  of 
the Internat ional  Union of B i o c h e m i s t r y  ( W e b b ,  1 9 6 4 )  a s  r e p r e ­
senting the  multiple f o r m s  of an e n z y m e .  T h e  p r e s e n t  c o n c e p t  of 
the t e r m  i s o e n z y m e  is  a s  yet  still r a t h e r  b r o a d  in that p r e c i s e  
c r i t e r i a  w hich  must  b e  fulfilled fo r  two e n z y m e s  to b e  c o n s i d e r e d  
i s o e n z y m e s  h a v e  not b e e n  e s t a b l i s h e d .  A t  p r e s e n t  th e n ,  the t e r m  
i s o e n z y m e  r e f e r s  to the e x i s t e n c e  of two o r  m o r e  f o r m s  of an 
e n z y m e  within a  s ing le  s p e c i e s .
G e l  e l e c t r o p h o r e s i s  h a s  b e c o m e  an im portant  tool in defining 
the act ion  of the g e n e .  P r i o r  to the dev elo pm ent  of this te c h n iq u e ,
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mutations re su l t in g  in differential  g e n e  function and the s u b s e q u e n t  
a l t e r a t io n s  in e n z y m e  produ ct ion  w e r e  limited to im p a irm e n t  of 
e n z y m a t i c  a c t iv i t ie s .  M utations ,  t h e r e f o r e ,  that a l t e r e d  but did not 
inact ivate  the e n z y m e  went  u n d e te c t e d .  S c h w a r t z  ( I 9 6 0 ,  1 9 6 2 a ,  
b ,  1 9 6 4 a , b , c , d , e , 1 9 6 5 ,  1 9 6 7 )  h a s  d e s c r i b e d  s e v e n  a l l e le s  fo r  
the pH 7 . 5  e s t e r a s e s  in m a i z e .  T h e  different a l l e l e s  s p e c i fy  
e s t e r a s e  i s o e n z y m e s  having different m igra t ion  r a t e s  in s t a r c h  
g e l s .  If an  a n a l y s i s  on the b a s i s  of e s t e r a s e  act ivity had b e e n  the 
a p p r o a c h  u s e d  in the s tudy of the m a iz e  pH 7 . 5  e s t e r a s e s  t h e s e  
dif ferent a lle lic  f o r m s  would not h a v e  b e e n  d e te c t e d .  O t h e r  e x a m ­
p le s  s i m i l a r  to this  h a v e  b e e n  d e s c r i b e d  ( L a t n e r ,  1 9 6 7 ;  S h a n n o n ,  
1 9 6 8 ) .
R e g u la t io n  of the p r i m a r y  p r o d u c ts  of the g e n e  ( e n z y m e s )  
h a s  l a r g e l y  b e e n  conf ined to w o r k  with m i c r o o r g a n i s m s  ( J a c o b  and 
M onod,  1 9 6 1 ;  C l in e  and B o c k ,  1 9 6 6 ;  V o g e l  and V o g e l ,  1 9 6 7 ) .  
R e p r e s s i o n  and induction m o d e ls  which  involve  r e g u l a t o r  and 
o p e r a t o r  g e n e s  h a v e  c o m e  f r o m  su c h  s t u d i e s .  T h e  c o n c e p t  of the 
o p e r o n  contain ing a d i s c r e e t  o p e r a t o r  c i s t r o n  h a s  b e e n  p o stu la ted .  
In h i g h e r  o r g a n i s m s ,  o n  the o t h e r  h an d ,  t h e r e  i s  an  o b v io u s  la c k  
of data with r e s p e c t  to the o p e r o n  t h e o r y .  S c h w a r t z  ( 1 9 6 2 )  h a s  
F>ostulated the e x i s t e n c e  of 'p r im e '  a l l e le s  and ' s t a n d a r d '  a l l e l e s  for  
the pH 7 . 5  e s t e r a s e s  in m a i z e .  T h e  'p r im e '  a l l e l e s  of this s y s ­
tem a r e  s u b je c t  to re g u la t ion  in the fo rm  of c e s s a t i o n  of e n z y m e  
p ro d u ct ion  at c e r t a i n  s t a g e s  of d e v e lo p m e n t ,  while  the ' s ta n d a r d '
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a l le le s  a r e  not s u b je c t  to this r e g u la t io n .  T h e  s y s t e m  of 'p r im e '  
and ' s ta n d a r d '  a l l e l e s  i s  a n a lo g o u s  in s o m e  r e s p e c t s  to the o p e r o n  
t h e o r y .  C r i t e r i a  fo r  sp e c i fy in g  a d i s c r e e t  o p e r a t o r  c i s t r o n  in this 
s y s t e m  h a v e  not b e e n  met l a r g e l y  b e c a u s e  l inkage  b e t w e e n  the 
r e g u l a t o r y  portion of the 'p r im e '  a lle le  and the functional o r  s t r u c ­
tura l  port io n of th is  l o c u s  h a s  not b e e n  b r o k e n .
T h e  p r e s e n t  study g r e w  out of a  c la s s i f i c a t io n  of e s t e r a s e  
p o ly m o rp h ism  in the s p e c i e s  Z e a  m a y s  ■ T h r e e  h u n d re d  to four  
h u n d re d  i n b r e d s ,  v a r i e t i e s ,  and r a c e s  of m a iz e  w e r e  e x a m in e d  
fo r  e s t e r a s e  act iv i ty .  A  g e n e r a l  d e s c r ip t io n  of the anodal e s t e r a s e  
i s o e n z y m e s  o c c u r r i n g  in m a iz e  t i s s u e s  i s  p r e s e n t e d .  T h e  m a iz e  
e s t e r a s e  i s o e n z y m e s  w e r e  a l so  studied on  the b a s i s  of s u b s t r a t e  
s p e c i f i c i ty ,  inhibition and ac t ivat ion ,  c h a n g e s  o c c u r r i n g  in the 
i s o e n z y m i c  pa t tern  during de v e lo p m e n t ,  and g e n e t i c  a n a l y s i s .  A  
s i m i l a r ,  but l imited, study w a s  m ad e  for  m a i z e  t r a n s a m i n a s e  i s o ­
e n z y m e s  and s e v e r a l  c a r b o h y d r a s e  i s o e n z y m e s .
It will b e  s h o w n  that the m a iz e  e s t e r a s e s  const itute  a h e t e r o ­
g e n e o u s  and c o m p l e x  m ix tu re  of i s o e n z y m e s  which  s h o w  a  c e r t a i n  
amount of t i s s u e  s p e c i f i c i ty ,  v a r ia t io n s  in s u b s t r a t e  util ization,  
v a r i a t i o n s  in r e s p o n s e s  t o w a r d s  in h ib i tors  and a c t i v a t o r s ,  and 
c h a n g e s  in the s p e c t r u m  of i s o e n z y m e s  during g e r m in a t io n .  In 
addition,  nine n e w  g e n e t ic  loci  a r e  d e s c r i b e d  fo r  the e s t e r a s e  
i s o e n z y m e s .  S i m p l e  and c o m p l e x  g e n e t ic  m e c h a n i s m s  a r e  noted ,  
and in o n e  i n s t a n c e  re g u la t ion  of e n z y m e  p ro d u ct ion  re su l t in g  in a
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model  s o m e w h a t  a n a lo g o u s  to a 'p r im e '  and ' s ta n d a r d '  a lle le  w a s  
found. A  h y b r id  e n z y m e  w a s  found to b e  p r o d u c e d  in h e t e r o z y ­
g o t e s  involving two v a r ia n t  t r a n s a m i n a s e  i s o e n z y m e s .
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M A T E R I A L S
M a t e r i a l s  uti l ized in the p r e s e n t  study w e r e  o bta in ed  f ro m  a 
w o r ld  c o l le c t io n  of a p p r o x i m a te ly  5 0 0  i n b r e d s ,  v a r i e t i e s ,  and r a c e s  
of Z e a  m a y s  mainta in ed at the U n iv e r s i t y  of H a w a i i ,  Honolulu ,  
H a w a i i .  In c a s e s  w h e r e  s p e c i f i c  c r o s s e s  w e r e  r e q u i r e d ,  the 
m a t e r i a l  w a s  g r o w n  e i t h e r  on  the M anoa  c a m p u s  o r  at the e x p e r ­
imental  s ta t io n s  lo c a te d  at W aim analo  o r  P o a m o h o .
V a r i o u s  t i s s u e s  of the s e e d ,  s e e d l i n g ,  and m a t u r e  m a iz e  
plant w e r e  u s e d  a s  e n z y m e  s o u r c e s  throughout  the s tu d y .  In o n e  
study involving p h o s p h o r y l a s e  i s o e n z y m e s ,  potato t u b e r s  obta ined
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f ro m  the lo ca l  m a r k e t s  w a s  u s e d  a s  a s o u r c e  of e n z y m e .  T i s ­
s u e s  f r o m  se e d l in g  up to 1 0  d a y s  of a g e  w e r e  o bta in ed  fi^om 
plants  g r o w n  in the l a b o r a t o r y .  S e e d  w a s  g e r m i n a t e d  in the 
d a r k  and t r a n s f e r r e d  to the b e n c h t o p  on the th ird day of g e r m i ­
nat ion .  T h e  s e e d s  w e r e  g e r m i n a t e d  in petr i  d i s h e s  w hich  
co n ta in e d  m o is te n e d  fi lter p a p e r s .  O l d e r  t i s s u e s  w e r e  c o l l e c te d  
f ro m  plants  g r o w n  in the field.
L a b o r a t o r y  fac i l i t ies  at the D e p a r t m e n t  of H o r t i c u l t u r e  of the 
U n i v e r s i t y  of H a w a i i  w e r e  u s e d  to co nd u ct  the r e s e a r c h .
C h e m i c a l  r e a g e n t s  w e r e  obta ined  th rou g h c o m m e r c i a l  supply  
h o u s e s .
G E N E R A L  M E T H O D S
S e e d  i n c r e a s e  and s p e c i f i c  c r o s s e s  involving the m a i z e  m a t e ­
r ia l  w e r e  m a d e  b y  hand poll inat ions .  T a s s e l s  w e r e  c o v e r e d  the 
a f te rn o o n  b e f o r e  the pollinations w e r e  m ad e  and pollen w a s  c o l ­
le c te d  on  the day of pollination.  E a r s  of the m a i z e  p l a n t , w e r e  
c o v e r e d  p r i o r  to the  a p p e a r a n c e  of s i lk s  and w e r e  pollinated w h e n  
the s i lk s  had g r o w n  ap p ro x im a te ly  5 cm  b e y o n d  the  h u s k s .  T h e  
new ly  pollinated e a r s  w e r e  c o v e r e d  and labe l led  to indicate  the 
c r o s s  inv o lved .
H o r iz o n t a l  gel  e l e c t r o p h o r e s i s  w a s  e m p lo y ed  in the study of 
m a i z e  i s o e n z y m e s .  TTie method or ig ina l ly  d e s c r i b e d  b y  S m i t h i e s  
( 1 9 5 5 )  w a s  fo llow ed with sl ight modif ications  ( B r e w b a k e r ,
U p a d h y a ,  M akinen and M acd o n ald ,  1 9 6 8 ) .  B o th  s t a r c h  and poly ­
a c r y l a m i d e  g e l s  w e r e  uti l ized.
S t a r c h  gel  p r e p a r a t i o n :  S t a r c h  g e l s  co nta ined  1 3 . 5 %  h y d r o ­
ly s e d  s t a r c h  (C o n n a u g h t  M edical  R e s e a r c h  L a b o r a t o r i e s ,  U n i v e r ­
sity of T o r o n t o ,  C a n a d a ) .  T h i r t y  ml 1 2 6 - A  ( T a b l e  1 )  w e r e  
m ixed  with 2 7 0  ml 1 2 6 - B  ( T a b l e  1 ) .  O n e  h u n d r e d  ml of this 
m ix tu re  w e r e  added to a  l i ter  p y r e x  f lask  contain ing  4 0  g of 
s t a r c h .  T h e  re m a in in g  2 0 0  ml of buffer  solution w e r e  b ro u g h t  to 
a  boil and m ixed  well  with the s t a r c h  solut ion to p r o d u c e  a  v i s c o u s  
solution (final pH 8 . 2 ) .  T h e  f la sk  w a s  e v a c u a t e d  using  a fa u ce t  
a s p i r a t o r  until r e m o v a l  of g a s e s  w a s  e s s e n t i a l l y  co m p le t e  and the
T a b l e  1 . B u f f e r S o lu t io n s  U s e d  in the P r e s e n t  S tu d y
B u f f e r pH C o m p o n e n ts
T r i s ( C l ) 7 . 5 0 . 1  M T r i z m a  B a s e ^ '  ad ju sted  to 
' pH 7 . 5  with c o n c e n t r a t e d  H C l .
T  r i s - c i t r a t e 6 . 2 0 . 1  M T r i z m a  B a s e  ad ju s ted  to pH 
6 . 2  with 0 . 1  M c i t r i c  a c i d .
P h o s - A 8 . 8 0 . 2  M d ib a s i c  sodium p h o s p h a te .
P h o s - B 4 . 6
)
0 . 2  M m o n o b a s i c  sodium p h o s p h a te .
1 2 6 - A 8 . 1 0 . 0 2 5  M lithium h y d r o x i d e .  
0 . 2  M b o r i c  a c id .
1 2 6 - B 8 . 2 0 . 0 1  M c i t r i c  a c i d .  
0 . 0 6 5  M T r i z m a  B a s e .
^'tris ( h y d r o x y m e t h y l ) a m i n o m e t h a n e - H C l
m a t e r ia l  boiled sm o o th ly .  T h e  gel  m a te r ia l  w a s  th en  p>oured into 
p l e x i g l a s s  t r a y s  having the d im e n s io n s  18 cm  x  2 0  c m  x  3 . 2  mm 
and contain ing a  3 . 2  mm b o r d e r .  T h e  t r a y s  a c c o m m o d a t e d  a 
s t a r c h  b lo c k  a p p r o x im a te ly  6 . 5  mm in t h i c k n e s s  and a l low ed the 
gel  to b e  cut into identical  h a l v e s  following e l e c t r o p h o r e s i s  by  
d r a w in g  a c h e e s e  c u t t e r  th rou g h the gel  p a ra l le l  with the bottom of 
the t r a y .  S t a r c h  g e l s  h a r d e n e d  sufficiently fo r  manipulation within 
4 0  minutes  of p o u r i n g .
A c r y l a m i d e  gel  p r e p a r a t i o n :  T h e  a c r y l a m i d e  g e l s  w e r e
p r e p a r e d  us ing  the s a m e  b u f f e r s  and the s a m e  t r a y s  u s e d  in the 
p r e p a r a t i o n  of s t a r c h  g e l s .  S e v e n  g. of C y a n o g u m - 4 1  ( F i s h e r  
S c i e n t i f i c  C o . )  w e r e  added to 10 ml 1 2 6 - A  and 9 0  ml 1 2 6 - B  and 
d i s s o l v e d .  O n e  ml of a  10% a q u e o u s  solution of amm onium p e r ­
sulfate  and 0 . 2  ml of N , N , N ' , N ' - t e t r a m e t h y le t h y l e n e - d ia m in e  
( E a s t m a n  O r g a n i c  C h e m i c a l s )  w e r e  added to the bu ffer  solut ion 
and the m ix tu re  w a s  p o u re d  into the t r a y .  T h e  t r a y  w a s  then 
c o v e r e d  with s a r a n  o r  a g l a s s  plate be ing  c a r e f u l  not to t r a p  a i r  
b u b b l e s  b e t w e e n  the c o v e r i n g  and the solution of gel  m a t e r i a l .
T h e  gel  h a r d e n e d  within 20  m in u tes .
A  cont inu ou s  o r ig in  slot w a s  cut in the s t a r c h  gel  b y  d r a w ­
ing a  knife  v e r t i c a l l y  through the gel  a p p ro x im a te ly  5 . 5  cm  f ro m  
the cathodal  end of the g e l .  Individual o r i g i n ,  o r  s a m p l e ,  s lo ts  
w e r e  cut into the a c r y l a m i d e  gel  " s i n g  a  r a z o r  b lad e  that had 
b e e n  cut to the s i z e  of the s a m p le  w ick  to b e  in .ser ted .  A  v e r t i c a l
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p r e s s u r e  w a s  applied to the r a z o r  b lad e  p r e s s i n g  it th rou g h the 
gel  to the bottom of the t r a y .  It w a s  found that a s l ic ing  motion 
tended to t e a r  the a c r y l a m i d e  g e l . T h e  s a m p l e s  w e r e  applied to 
the gel  b y  f i r s t  a b s o r b i n g  e x t r a c t  m a te r ia l  into p a p e r  w i c k s  cut to 
the d e s i r e d  s i z e  and then plac ing the w ick  d ire c t ly  into the o r ig in  
s lo t .  Wick s i z e  d e pended upon the n u m b e r  of s a m p l e s  applied to 
the g e l . T h e  s a m p l e s  w e r e  found to g ive  b e s t  r e s o lu t i o n  if the 
w i c k s  did not e x te n d  a b o v e  the s u r f a c e  of the gel  A  d is t a n c e  of 
a p p r o x im a te ly  1 . 5  mm w a s  a l lo w e d  b e t w e e n  s a m p le  w i c k s  in the
r
s t a r c h  gel  and a p p ro x im a te ly  3 mm b e t w e e n  s a m p le  w i c k s  in the 
a c r y l a m i d e  g e l .
T h e  e l e c t r o d e  ta n k s  co n ta in e d  1 2 6 - A  ( T a b l e  1 ) .  Su f f ic ie n t  
bu f fer  ( e l e c t r o l y t e )  w a s  added to the t a n k s  to allow so a k in g  of the 
s p o n g e  b r i d g e s  and to well  c o v e r  the e l e c t r o d e s .  T a n k  e l e c t r o ­
lyte b u f f e r s  w e r e  m ixed  following e a c h  e l e c t r o p h o r e t i c  r u n  and 
w e r e  r e p l a c e d  with f r e s h  bu f fer  solution e v e r y  two e l e c t r o p h o r e t i c  
r u n s .
T h e  gel  w a s  s u b je c t e d  to e l e c t r o p h o r e s i s  u n d e r  an  applied 
vol tage  g r a d ie n t  of 6 - 8  V / c m  fo r  a p e r io d  of five h o u r s ,  o r  until 
the b r o w n  b o r a t e  front (v is ib le  in s t a r c h  g e l s  fo r  m o st  t i s s u e s )  
had  m ig r a t e d  8 . 5  c m  t o w a r d s  the anode  f ro m  the o r ig i n  s lo t .  In 
the c a s e  of a c r y l a m i d e  gehs,  the front w a s  v isu a l iz e d  b y  in s e r t in g  
a s a m p le  w ick  s a t u r a t e d  with S h e a f t e r ' s  blue ink ( # 4 2 ) .  A  v is ib le  
portion t r a v e l e d  along with the b o r a t e  front t o w a r d s  the a n o d e .
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T h e  g e l s  w e r e  p la c e d  on  the e l e c t r o d e  ta n k s  and the s p o n g e  
b r i d g e s  w e r e  pulled up and r e s t e d  on the e n d s  o r  the g e l .  T h e  
gel  and s p o n g e s  w e r e  c o v e r e d  with s a r a n  to avoid w a t e r  l o s s  and 
a  g l a s s  plate w a s  then p la c ed  on  the c o v e r i n g  s a r a n  to hold the 
s p o n g e s  in p l a c e .  T h e  whole  a p p a r a t u s  w a s  co n ta in e d  in a 
r e f r i g e r a t o r  and e l e c t r o p h o r e s i s  w a s  c a r r i e d  out at 7 ° C .  P o w e r  
w a s  supplied f ro m  a  Heathkit  Model l P - 3 2  p o w e r  supply lo ca te d  
outs ide  of the r e f r i g e r a t o r .  F o l lo w i n g  e l e c t r o p h o r e s i s ,  the g e l s  
w e r e  r e m o v e d  f ro m  the a p p a r a t u s  and cut into the a p p r o p r ia t e  
s i z e s  fo r  sta ining o r  t r e a t m e n t .
P r e p a r a t i o n  of the s a m p l e s :  F r e s h  t i s s u e  s a m p l e s  w e r e
g ro u n d  with an equal volum e of e x t r a c t io n  so lut io n.  G r in d in g  c o n ­
tinued until the s a m p le  w a s  sm ooth  and h o m o g e n e o u s  in a p p e a r ­
a n c e .  A  sm al l  p i e c e  of t i s s u e  w a s  often applied to the e x t r a c t e d  
t i s s u e  to a c t  a s  a f i lter b e t w e e n  the t i s s u e  and the s a m p l e  w i c k ,  
h o w e v e r  this  did not a p p e a r  to im p r o v e  r e s o lu t i o n  so  w a s  not 
a l w a y s  u s e d .  S a m p l e  w i c k s  c o n s i s t e d  of c h r o m a t o g r a p h i c  g r a d e  
f i l ter p a p e r  cut to the a p p r o p r ia t e  d im e n s io n s .  V a r y i n g  th ic k ­
n e s s e s  of f i l ter p a p e r  w e r e  t r i e d  and all w e r e  found to b e  su i table  
a s  s a m p le  w ick  m a t e r i a l .  E x t r a c t i o n  w a s  c a r r i e d  out at r o o m  
t e m p e r a t u r e  s i n c e  it w a s  found that e x t r a c t io n  in the cold,  r o o m  did 
not i m p r o v e  r e s o l u t i o n .
S e v e r a l  e x t r a c t i o n  so lut ions  w e r e  e m p lo y e d .  It w a s  
g e n e r a l l y  found that a s a l in e  solution ( 0 . 8 %  N a C l ,  0 . 2 %  N a N O ^ )
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p r o d u c e d  su i table  r e s o l u t i o n .  T r i s ( C l )  ( T a b l e  1)  w a s  a lso  u s e d  
with equ a l  s u c c e s s .  In c e r t a i n  i n s t a n c e s  which  will b e  mentioned 
b e l o w ,  c y s t e i n e  ( 1 0 “  ^ M) w a s  inc luded in the T r i s ( C l )  e x t r a c t i o n  
so lut io n.
W hen im m a tu r e  e n d o s p e r m  w a s  u s e d  a s  the t i s s u e  s o u r c e  
f o r  e n z y m e s ,  the k e r n e l  w a s  p u n ctu re d  with a n e e d le  and the milky 
e n d o s p e r m  w a s  a b s o r b e d  into the s a m p le  w ick  d i r e c t l y .
S t a in in g  t e c h n i q u e s  and an y  modif ications  of the m eth od s  
d e s c r i b e d  in th is  s e c t i o n  will b e  d e s c r i b e d  u n d e r  the di fferent 
e n z y m e  s e c t i o n s .
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E S T E R A S E  I S O E N Z Y M E S
1 .  In troduct ion  and S ta in in g  T e c h n i q u e
T h e  e s t e r a s e s  a r e  a  c o m p l e x  g r o u p  of h y d r o l a s e s  g e n e r a l l y  
exhibiting a  r a t h e r  low s u b s t r a t e  s p e c i f i c i ty .  T h r e e  m a j o r  g r o u p s  
of e s t e r a s e s  e x i s t :  ( 1 ) fat splitting e n z y m e s ,  which ac t  on g l y c ­
e r o l  e s t e r s  ( t r u e  l i p a s e s ) ,  ( 2 ) the l i p a s e - t y p e  e s t e r a s e s ,  w hich  
ac t  on p re d o m in an t ly  u n d is s o lv e d  s u b s t r a t e s ,  and ( 3 )  the e s t e r  
h y d r o l a s e s  p r o p e r ,  o r  the e s t e r a s e s  w hich  ac t  on  d i s s o lv e d  
s u b s t r a t e s .  G e n e r a l l y  s p e a k i n g ,  the r e a c t i o n  in v o lv e s  the h y d r o l ­
y s i s  of an  ' e s t e r  re su l t in g  in the pro du ct ion  of a  m o n o c a r b o x y l i c  
ac id  and an a l c o h o l . T h e  l i p a s e s  p r e s u m a b l y  split t r i g l y c e r i d e s  to 
p r o d u c e  fatty a c i d s  and g l y c e r o l ,  h e n c e  th e i r  r o l e  in v o lv e s  lipid 
m e t a b o l i s m . T h e  m an y o t h e r  e s t e r s  o c c u r r i n g  in b io logica l  s y s ­
t e m s  a r e  p r e s u m a b l y  a c te d  upon by  the o t h e r  e s t e r a s e s . 
C h o l i n e s t e r a s e s  h a v e  g e n e r a l l y  b e e n  a s s o c i a t e d  with n e r v e  im pulse  
t r a n s m i s s i o n  due to th e i r  affinity t o w a r d  a c e t y l c h o l i n e .  T h e  p h y s ­
io lo gica l  r o l e  of the e s t e r a s e  i s o e n z y m e s  found in the p r e s e n t  study 
is  u n k n o w n .  C e r t a i n  of t h e s e  e s t e r a s e s  a p p e a r  to b e  c a p a b l e  of 
h y d r o ly s in g  c e r t a i n  l ipid-like  s u b s t r a t e s  w h ich  m a y  in d ica te  a  r o l e  
in lipid m e t a b o l i s m ,  e s p e c i a l l y  in t i s s u e s  r i c h  in l ipids s u c h  a s  the 
s c u te l lu m .  T h e  p r e s e n t  study involved a ca ta log in g  of the e s t e r a s e  
i s o e n z y m e s  found in the m a i z e  plant.  S u b s t r a t e  s p e c i f ic i ty  and 
inhibition and act ivat io n s tu d ie s  w e r e  c o n d u c te d  in o r d e r  to b e t t e r
define the m a i z e  e s t e r a s e  i s o e n z y m e s .  T h e  g e n e t ic  co n tro l  of the 
e s t e r a s e  i s o e n z y m e s  w a s  a l so  c a r r i e d  out .
E l e c t r o p h o r e s e d  gel  s l i c e s  w e r e  i m m e r s e d  in a  solut ion c o n ­
s is t ing  of 1 00  ml 0 . 1  M p ho sph ate  buffer  (p H  6 . 5 )  w hich  conta ined  
1 0 0  mg F a s t  B l u e  R R  S a l t  ( S i g m a  C h e m ic a l  C o . )  and 3 ml of a 
1% a -n a p h th y l  a c e t a t e  so lut io n.  T h e  p ho sph ate  buffer  w a s  p r e ­
p a r e d  b y  mixing o n e  p a r t  P h o s - A ,  five p a r t s  P h o s - B  ( T a b l e  1 ) ,  
and s ix  p a r t s  distilled w a t e r .  T h e  1% a -n a p h th y l  a c e t a t e  solution 
w a s  p r e p a r e d  b y  adding 1 g of the s u b s t r a t e  to 1 0 0  ml 70% 
e t h a n o l . T h e  s u b s t r a t e  solution could b e  s t o r e d  fo r  s e v e r a l  
m onths  u n d e r  r e f r i g e r a t i o n  without n o t ic ea b le  c h a n g e s  in the s t a in ­
ing r e a c t i o n .
O n e  h u n d re d  mg of F a s t  B l u e  R R  S a l t  w e r e  added to 1 00  
ml p h o sp h ate  bu f fer  and m ix e d .  T h e  m ix tu re  w a s  f i l tered  to 
r e m o v e  r e s id u a l  u n d is s o lv e d  s a l t .  F o l lo w in g  fi ltration and ju s t  
p r i o r  to u s e  of the s ta in ,  3 ml of the s u b s t r a t e  solut ion w a s  added 
and m i x e d .  T h e  gel s l i c e  w a s  i m m e r s e d  in t h i s  s t a i n i n g  s o l u t i o n  
with the cut s u r f a c e  of the s l i c e  facing aw-ay f ro m  the bottom of 
the s taining t r a y .  T h e  t r a y  w a s  then p la c ed  in an in c u b a t o r  at 
3 7 ° C  fo r  a p p r o x im a te ly  o n e  h o u r ,  o r  until the e s t e r a s e  i s o e n z y m e s  
had s ta ined  d a r k  enough to a llow c la s s i f i c a t io n .  T h e  e s t e r a s e  
i s o e n z y m e s  s ta ined  in this  m a n n e r  a p p e a r e d  b l u e - b l a c k  in c o l o r .
F o l l o w i n g  the staining p r o c e s s ,  the stain  w a s  p o u re d  off and 
the gel  s l i c e  w a s  r i n s e d  with w a t e r .  T h e  gel  s l i c e  Vv^ as then
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t r a n s f e r r e d  to a f ixing solution c o m p o s e d  of m e t h a n o l : a c e t i c  a c i d :  
w a t e r  ( 6 : 1 : 4 ) .  F o u r  h o u r s  o r  m o r e  in the fixing so lution g e n e r ­
ally h a r d e n e d  the gel  and tu rn e d  the s t a r c h  w hite .  T h i s  a l low ed 
fo r  e a s e  in handling and a  g r e a t e r  c o n t r a s t  b e t w e e n  the b l u e - b l a c k  
i s o e n z y m e s  and the white s t a r c h  b a c k g r o u n d .
2 .  D e s c r i p t i o n  and O c c u r r e n c e
A p p r o x i m a t e l y  32  i s o e n z y m e s  from  m a i z e  t i s s u e s  c a p a b l e  of 
h y d r o ly s in g  a -n a p h th y l  a c e t a t e  w e r e  found on the anodal s id e  of 
pH 8 . 2  s t a r c h  g e l s .  Mobility v a lu e s  ( R m )  w e f e  a s s i g n e d  to the 
different i s o e n z y m e s  r e la t iv e  to an  in ten se ly  s taining i s o e n z y m e  
w hich  w a s  found to b e  p r e s e n t  in all t i s s u e s  studiefil. T h e  r e f e r ­
e n c e  i s o e n z y m e  ( i s o e n z y m e  1 8 )  ( R m  1 0 0 )  o c c u r r e d  at an  a v e r a g e  
R f  v a lue  ( r e l a t i v e  to the b r o w n  b o r a t e  f ro n t)  of 8 4  with a  c o e f f i ­
c ie n t  of v a r ia t io n  of 1 . 1 6 %  in 1 0 0  g e l s .
T i s s u e s  e x a m in e d  in the p r e s e n t  study w e r e  r o o t ,  c o le o p t i le ,  
plumule ,  e n d o s p e r m ,  and scu te l lu m  of the develo ping s e e d l in g ,  
m a t u re  l e a f ,  r o o t ,  po l len ,  n o d e s ,  in ternodal  pith,  h u s k ,  m a t u re  
and im m a tu r e  e a r s ,  t a s s e l  b r a n c h e s ,  a n t h e r s ,  and im m a tu re  
e n d o s p e r m  fro m  developing k e r n e l s .
F i g u r e  1 i l lu s t r a t e s  the anodal e s t e r a s e  i s o e n z y m e s  found to 
b e  p r e s e n t  in the different t i s s u e s  of m a i z e .  T h e  f ig u re  r e p r e ­
s e n t s  a  c o m p o s i t e  of all of the e s t e r a s e  i s o e n z y m e s  e n c o u n t e r e d  in 
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F i g .  1 .  A n  I l lustrat ion of the A nodal  E s t e r a s e  I s o e n z y m e s  of M aize  . 
T h e  i l lustrat io n r e p r e s e n t s  a c o m p o s i t e  of e s t e r a s e  i s o e n z y m e s  
found in 17 t i s s u e s  and 3 0 0  l ines  of Z e a  m a y s . T h e  o r ig in ,  i s  
at the bottom and the line at the top r e p r e s e n t s  the a p p ro x im a te  
posit ion of the b o r a t e  f r o n t .  T h e  a r r o w  in d ic a te s  m igrat ion  
t o w a r d s  the a n o d e .
in b re d  of m a i z e  would co nta in  only  c e r t a i n  of t h e s e  i s o e n z y m e s .  
T a b l e  2 i l lu s t r a t e s  the t i s s u e s  in which  the i s o e n z y m e s  o c c u r r e d .
I s o e n z y m e  10 had a R m  v alue  of 1 17  and a p p e a r e d  only  in 
se ed l in g  r o o t s  that had b e e n  in fected by  fungus ( F u s a r i u m  s p . ) .
It w a s  f i r s t  o b s e r v e d  in ro ot  t i s s u e  from  s e e d l in g s  which  w e r e  12 
to 15 d a y s  old and w a s  thought to b e  an a g e  dependent  i s o e n z y m e ,  
S e e d l i n g s  w e r e  g r o w n  in the p r e s e n c e  and a b s e n c e  of the fungi­
c id e  P a n o g e n  and e x a m in e d  at different s t a g e s  of g r o w t h .  It w a s  
found that only s e ed l in g  ro o t  t i s s u e  from fungicide f r e e  s e e d l in g s  
co n ta in e d  this i s o e n z y m e .  M yce l ia  from  the fungus did not conta in  
i s o e n z y m e  1 0  and it w a s  not d e te rm in e d  w h e t h e r  this  i s o e n z y m e  
w a s  p r o d u c e d  by the fungus due to its a s s o c i a t i o n  with r o o t s  o r  
b y  the r o o t s  due to infect ion.
I s o e n z y m e  1 2 ,  ( R m  1 1 0 ) ,  w a s  found in m o st  t i s s u e s  
e x a m i n e d .  It w a s  a re la t iv e ly  w e a k  i s o e n z y m e  and difficult to 
c l a s s i f y  in s o m e  t i s s u e s .
I s o e n z y m e s  1 4  a n d  1 6 ,  ( R m  1 0 5  a n d  1 0 2 ) ,  o c c u r r e d  in 
s e v e r a l  of the t i s s u e s  e x a m in e d  and in m o st  of the l in e s  of m a iz e  
t e s t e d .  T h e y  a l w a y s  o c c u r r e d  to g e th e r  and w e r e  n e v e r  s e e n  
singly  in any t i s s u e .
I s o e n z y m e  1 8 ,  ( R m  1 0 0 ) ,  w a s  a s t ro n g ly  sta ining i s o e n z y m e  
o c c u r r i n g  in all t i s s u e s  e x a m i n e d .  T h e  m a jo r i ty  of the l ines  
studied co nta ined  this i s o e n z y m e ,  h o w e v e r ,  it w a s  no t iceab ly  
m is s in g  in s o m e  l i n e s .  S l ig h t  v a r ia t io n s  in mobility of this
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T a b l e  2 .  O c c u r r e n c e  of E s t e r a s e  I s o e n z y m e s  in D i f fe re n t  T i s s u e s  of M aize
T i ssu es- ' '
I s o e n z y m e 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 13 14 15 16 17
1 0 3 5lc _ — _ __ — _ _ _ _ _
1 2 W w W 0 0 m w w 0 0  . 0 w 0 w 0 0 0
1 4 - 1 6 W w 0 m w 0 0 0 0 0 0 w 0 0 w w 0
18 s s s V s s s s s s s s s s s s s




m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
III
S s s V w s s s s s s s s s s s s
40 s s s V w s s s s s s s s s s s s
4 2 - 4 3 m w w V  . w w w w w w w w w w w w w
50 0 0 0 0 0 m 0 0 0 0 0 0 0 0 0 0 0
53 0 0 0 0 0 w 0 0 0 0 0 0 0 0 0 0 0
55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 s 0
57 0 0 0 0 0 m 0 0 0 0 0 0 0 0 0 0 0
59 0 w 0 w 0 0 0 0 0 0 0 b 0 0 0 s 0
61 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 s 0
6 0 - 8 0 s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
'^T = s e ed l in g r o o t 7 = m a t u re leaf 13 = m a t u r e e a r
2  = plumule
3 = co leopt i le
4 = scu te l lu m
5 = m a t u r e  e n d o s p e r m
6  = im m a tu re  e n d o s p e r m
8  = m a t u re  ro o t
9 = node
1 0  = pith
1 1  = h u s k
1 2  = im m a tu r e  e a r
1 4  = t a s s e l  b r a n c h
15  = m a t u r e  a n t h e r
16 = pol len
17 = adventit io us  ro o t
= w e a k ,  m = m e d iu m ,  s  -  s t r o n g ,  v = v e r y  s t r o n g  sta in ing i s o e n z y m e s ,  0  = no s t a in ,  
-  = not t e s t e d .
i s o e n z y m e  w e r e  noted b e t w e e n  s e v e r a l  i n b r e d  l i n e s .  T h e  
v a r ia t io n  in mobility w a s  insuff ic ient ,  h o w e v e r ,  to a c c o m m o d a t e  
g e n e t ic  a n a l y s i s .
I s o e n z y m e s  180^, 1 8 0 ^ ,  190^, 190® ,  340^, 3 4 0 ® ,  350^, and 
35 0 ® ,  ( R m  1 0 1 ,  1 0 0 ,  9 9 ,  9 8 ,  9 0 ,  8 8 , 8 6 , and 8 4 ,  r e s p e c t i v e l y ) ,  
w e r e  medium to w e a k  sta ining i s o e n z y m e s  found only  in r o o t ,  
plumule ,  and scute l lum  t i s s u e s  of the young s e e d l in g  and in pollen 
t i s s u e .  A n  i n b r e d  l ine of m a iz e  a l w a y s  conta ined  four  of t h e s e  
i s o e n z y m e s .  All  but o n e  in b re d  line e x a m in e d  in the p r e s e n t  
study co n ta in e d  i s o e n z y m e s  180^, 190^, 340^, and 350^. T h i s  
g r o u p  if fo ur  i s o e n z y m e s  w a s  a s s i g n e d  the des ignat ion  C o m p l e x - I . 
T h e  s in g le  i n b r e d  l ine not contain ing C o m p le x - I  co n ta in e d  i s o ­
e n z y m e s  180® ,  190® ,  34 0 ® ,  and 350® .  T h i s  g r o u p  of four 
i s o e n z y m e s  w a s  d e s ig n a te d  a s  Com plex-11 .  A s  will b e  s h o w n  
b e lo w  in the s e c t i o n  on  g e n e t ic  co n tro l  i s o e n z y m e s  of C o m p le x-1  
w e r e  n e v e r  found to o c c u r  with i s o e n z y m e s  of C o m p l e x - I I .
I s o e n z y m e  2 0 ,  ( R m  9 8 ) ,  w a s  found in 3 - d a y  old se ed l in g  
r o o t  t i s s u e  of i n b r e d  3 8 2  ( P u r d u e )  o n ly .  At l a t e r  s t a g e s  of 
d ev elo pm ent  this i s o e n z y m e  d i s a p p e a r e d .
I s o e n z y m e  3 0 ,  ( R m  9 4 ) ,  w a s  a w e a k ly  s ta in ing i s o e n z y m e  
found in an in troduct ion  l ine f ro m  B o l i v i a  ( P I  2 4 0 3 2 0 ) .  It w a s  
not s e e n  in any  o t h e r  l in e s  e x a m i n e d .  I s o e n z y m e  30  w a s  n e v e r  
i so la te d  in a h o m o z y g o u s  b a c k g r o u n d  and w a s  not studied 
g e n e t i c a l l y .
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I s o e n z y m e  3 4 ,  ( R m  8 9 ) ,  w a s  an in t e n s e  s ta in ing i s o e n z y m e  
found in all t i s s u e s  e x a m i n e d .  It o c c u r r e d  in a p p r o x im a te ly  50% of 
the l in e s  te s te d  and a l w a y s  o c c u r r e d  independently  of i s o e n z y m e  
4 0  in i n b r e d s .
I s o e n z y m e  4 0 ,  ( R m  8 2 ) ,  l ike  i s o e n z y m e  3 4 ,  w a s  a  r a t h e r  
in t e n s e  s ta in ing i s o e n z y m e  and o c c u r r e d  in a p p r o x im a te ly  50% of the 
l in e s  t e s t e d .  It o c c u r r e d  in all t i s s u e s  e x a m i n e d .
I s o e n z y m e s  4 2  and 4 3 ,  ( R m  76 and 7 4 ) ,  w e r e  found in all 
t i s s u e s  e x a m in e d  and all l in e s  t e s t e d .  S l ig h t  v a r i a t i o n s  in the 
s t re n g t h  of t h e s e  i s o e n z y m e s  o c c u r r e d  in c e r t a i n  i n b r e d s ,  but 
co n v in c in g  null ty p e s  w e r e  not e n c o u n t e r e d .
I s o e n z y m e s  5 0  and 5 7 ,  ( R m  6 4  and 4 6 ) ,  o c c u r r e d  only  in 
im m a tu r e  e n d o s p e r m  f ro m  develo ping k e r n e l s .  T h e y  a l w a y s  
o c c u r r e d  independent ly  of e a c h  o t h e r  and i n b r e d s  la c k in g  both 
i s o e n z y m e s  w e r e  not found.
I s o e n z y m e  5 3 ,  ( R m  5 4 ) ,  w a s  a w e a k  i s o e n z y m e  found only  
in im m a tu r e  e n d o s p e r m  of develo ping k e r n e l s .  It w a s  p r e s e n t  in 
all l in e s  t e s t e d .
I s o e n z y m e s  5 5 ,  5 9 ,  and 6 1 ,  ( R m  5 0 ,  4 5 ,  and 3 6 ) ,  w e r e  
s t r o n g  i s o e n z y m e s  found in pol len .  A  s ing le  w e a k  i s o e n z y m e ,  
c o r r e s p o n d i n g  in mobility to i s o e n z y m e  5 9 ,  w a s  noted in scute l lum  
and plumule t i s s u e  of s e e d l i n g s .  It w a s  not d e te r m in e d  if this 
w e a k  sta in ing i s o e n z y m e  found in the se e d l in g  t i s s u e s  c o r r e s p o n d e d  
to i s o e n z y m e  5 9 .  O t h e r w i s e ,  t h e s e  t h r e e  i s o e n z y m e s  w e r e
19
s p e c i f i c  to pollen t i s s u e .
I s o e n z y m e s  6 0 ,  6 2 ,  6 5 ,  6 7 ,  7 0 ,  7 5 ,  and 8 0 ,  ( R m  3 7 ,  3 5 ,  
3 3 ,  3 1 ,  2 9 ,  2 4 ,  and 1 9 ) ,  w e r e  r e s t r i c t e d  to s e ed l in g  r o o t  t i s s u e .  
T h e s e  i s o e n z y m e s  d e m o n s t r a te d  a unique multiplicity which  v a r i e d  
f ro m  a s ing le  i s o e n z y m e  to eight i s o e n z y m e s  within a s ing le  i n b r e d
l in e .  S e v e r a l  s w e e t  c o r n  in b re d  l in e s  2 2 5 3  ( I o w a ) ,  C 4 2  ( M i n n . ) ,
S 4  ( M i n n . ) ,  S 8  ( M i n n . ) ,  3 3 8  ( P u r d u e ) ,  T 3 5  (111.) ,  and 3 1 8 a  
(111.) did not co nta in  any of t h e s e  i s o e n z y m e s .  A n  in b r e d  line 
co n ta in e d  only  o n e  of t h e s e  g r o u p s  of i s o e n z y m e s  at a  t im e .  T h a t  
i s ,  if the  g r o u p  d e s ig n ate d  a s  i s o e n z y m e  60  o c c u r r e d  in a p a r t i c ­
u l a r  i n b r e d ,  all o t h e r  g r o u p s  w e r e  m i s s i n g .
T h e  p h e n o ty p e s  co nta ined  a m a j o r  d a r k  sta ining i s o e n z y m e  
( the s l o w e s t  m igrat ing  i s o e n z y m e  of the g r o u p )  and up to s e v e n  
f a s t e r  and w e a k e r  i s o e n z y m e s .  A s  c a n  b e  s e e n  f ro m  F i g u r e  1 ,  
the s l o w e s t  m igrat ing  i s o e n z y m e  of g r o u p  75 c o r r e s p o n d e d  with 
the s e c o n d  i s o e n z y m e  of g r o u p  8 0 ;  the s l o w e s t  m igrat ing  i s o ­
e n z y m e  of g r o u p  70 c o r r e s p o n d e d  with the s e c o n d  i s o e n z y m e  of 
g r o u p  7 5 ,  e t c .  G r o u p s  6 2  and 6 7  v a r i e d  f ro m  this  s e r i e s  of 
c o i n c i d e n c e s  in that the m a j o r ,  o r  s l o w e s t ,  i s o e n z y m e  of g r o u p  6 2  
fell b e t w e e n  the m a j o r  i s o e n z y m e  of g r o u p  60  and the m a j o r  i s o ­
e n z y m e  of g r o u p  6 5 .  T h e  m a j o r  i s o e n z y m e  of g r o u p  6 2  c o r r e ­
sp o n d e d  with the s e c o n d  i s o e n z y m e  of g r o u p  6 7 .
V a r i a t i o n s  in the 'multiplicity'  of t h e s e  g r o u p s  a p p e a r e d  to b e  
a function of t e c h n iq u e .  T h e  multiplicity could b e  i'>educed to a
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s ing le  i s o e n z y m e  b y  e x t r a c t in g  the r o o t  t i s s u e  in buffer  containing 
1 0 “ '^  M c y s t e i n e .  E x a m p l e s  of this type of multiplicity h a v e  b e e n  
noted with m alate  d e h y d r o g e n a s e  f ro m  c h i c k e n  m i to c h o n d r ia  (Kit to  
a l . , 1 9 6 6 ) .  S i n g l e  i s o e n z y m e s  iso la te d  f ro m  a multiple s e r i e s  
w e r e  t r e a t e d  with iodine .  T h e y  s h o w e d  that the i s o e n z y m e  could 
b e  induced to d e m o n s t r a t e  a multiplicity through iodinat ioni T h e y  
postula ted that co n fo rm a t io n a l  c h a n g e s  had o c c u r r e d  th rou g h  the 
t r e a t m e n t  of the s ing le  m o l e c u l a r  fo rm  w hich  r e s u l t e d  in the p r o ­
duct ion of a l t e r e d  m o l e c u l a r  f o r m s .  T h e y  c a l le d  the dif ferent 
m o l e c u l a r  c o n f o r m a t i o n s  ' c o n f o r m e r s ' .
H a r r i s  ( 1 9 6 6 )  found s im i la r  groups of e s t e r a s e  i s o e n z y m e s  
in s e e d l in g  ro o t  t i s s u e  f ro m  c o r n  and d e s c r i b e d  them a s  the E ^  
e s t e r a s e s .  H e  went  o n  to l o c a l iz e  the E ^  l o c u s  on  c h r o m o s o m e  
3 ( H a r r i s ,  1 9 6 8 ) .  A s  in the p r e s e n t  s tudy ,  h is  g r o u p s  w e r e
r e s t r i c t e d  to the r o o t  t i s s u e .  T h e  mobility of h is  g r o u p s  w e r e  in
the s a m e  g e n e r a l  r e g i o n  a s  th o s e  in the p r e s e n t  s tu d y .  It is  
s u s p e c t e d  that the E ^  e s t e r a s e s  studied by  H a r r i s  ( 1 9 6 6 )  c o r r e ­
spond to g r o u p s  6 0  th rou g h 80  of the p r e s e n t  s tudy.  B y  v a r y in g
the c o n c e n t r a t i o n s  of h is  g e l s  and v a r y in g  the pH at which
e l e c t r o p h o r e s i s  w a s  c a r r i e d  out ,  H a r r i s  ( 1 9 6 6 )  c o n c lu d e d  that the 
multiple f a c t o r s  ( c o n f o r m e r s )  of e a c h  g r o u p  had ident ical  m o l e c u l a r  
w e i g h t s .  It would a p p e a r ,  t h e r e f o r e ,  that the multiplicity of t h e s e  
g r o u p s  r e p r e s e n t  co n fo rm at io n a l  c h a n g e s  in a s in g le  b a s i c  s t r u c ­
t u r e ,  and that i n b r e d s  contain ing different g r o u p s  conta in  dif ferent
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b a s i c  u n i ts .  T h a t  i s ,  the co nfo rm at ional  c h a n g e s  that o c c u r  to 
p r o d u c e  the multiplicity within a c e r t a i n  g r o u p  is  a  r e v e r s i b l e  
c h a n g e .  T h e  m e c h a n i s m  by  w hich  this c h a n g e  o c c u r s  o p e r a t e s  
on  all g r o u p s .  T h e  v ar ia t io n  b e t w e e n  the m a j o r  ( b a s i c )  i s o e n z y m e  
of e a c h  g r o u p  is  an  e x p r e s s i o n  of an i r r e v e r s i b l e  co nfo rm at ional  
c h a n g e .
T i s s u e  sp e c i f ic i ty  for  the m a iz e  e s t e r a s e  i s o e n z y m e s  w a s  
noted b y  S c a n d a l i o s  ( 1 9 6 4 ) .  H e  r e p o r t e d  the e s t e r a s e  i s o e n z y m e s  
f ro m  different t i s s u e s  of i n b r e d  A A 4  ( H a w . ) .  T h e  i s o e n z y m e s  
that he  r e p o r t e d  c o r r e s p o n d  to s e v e r a l  of the i s o e n z y m e s  d e s c r i b e d  
in the p r e s e n t  s tu d y .  S e v e r a l  additional i s o e n z y m e s  h a v e  b e e n  
found in i n b r e d  A A 4  in the p r e s e n t  s tudy.
T h r o u g h o u t  the p r e s e n t  study it w a s  noted that scute llum t i s ­
s u e  conta ined  the g r e a t e s t  amount of e s t e r a s e  act iv i ty .  G e n e r a l l y  
s p e a k i n g ,  the i s o e n z y m e s  f ro m  scute llum t i s s u e  w e r e  s t r o n g e r  than 
c o r r e s p o n d i n g  i s o e n z y m e s  in o t h e r  t i s s u e s .
S u m m a r i z i n g  t h e n ,  it w a s  fo u n d  that m a i z e  c o n t a i n e d  s e v e r a l  
t i s s u e  sp e c i f i c  i s o e n z y m e s .  T h e  e s t e r a s e s ,  o r  i s o e n z y m e s  60  
through 80  e x c l u s i v e  of i s o e n z y m e  6 1 ,  v.^ere found only  in se ed l in g  
ro o t  t i s s u e .  I s o e n z y m e s  5 0 ,  5 3 ,  and 57  w e r e  r e s t r i c t e d  to 
developing e n d o s p e r m  t i s s u e .  I s o e n z y m e s  55  and 61  w e r e  found 
only in pollen .  S e v e r a l  i s o e n z y m e s ,  1 8 ,  3 4 ,  4 0 ,  4 2 ,  and 4 3  
w e r e  found in all t i s s u e s  e x a m in e d .  O t h e r  i s o e n z y m e s  w e r e  found 
in s o m e  t i s s u e s  but not o t h e r s .
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3 .  C h a n g e s  D u r in g  G e r m in a t io n  and D e v e lo p m e n t
M a tu re  s e e d s  of s e l e c t e d  m a iz e  i n b r e d s  r e p r e s e n t i n g  the full 
c o m p le m e n t  of e s t e r a s e  i s o e n z y m e s  w e r e  te s te d  for  th e ir  e s t e r a s e  
act iv i t ies  at dif ferent s t a g e s  of g e r m in a t io n .  S e e d s  w e r e  s o a k e d  
fo r  2 4  h o u r s  in running tap w a t e r  and t r a n s f e r r e d  to petr i  d i s h e s  
contain ing m o is t e n e d  f i lter  p a p e r .  T h e  petr i  d i s h e s  w e r e  m ain ­
ta ined in the d a r k  until the third day of g e rm in a t io n  at which  time 
they  w e r e  p la c e d  o n  the b e n ch to p  in the l a b o r a t o r y .  T h e  2 4 - h o u r  
s o a k in g  p e r io d  r e p r e s e n t e d  the f i r s t  day of g e r m in a t io n .
T i s s u e  s a m p l e s  f ro m  the f i r s t ,  th i rd ,  fourth ,  fifth, s ix th ,  and 
s e v e n th  d a y s  of g e rm in a t io n  w e r e  e x t r a c t e d  and a n a ly z e d  e l e c t r o -  
p h o re t ica l ly  for  e s t e r a s e  activi ty .  D u e  to the sm al l  s i z e  of the 
r o o t  and plumule of s e e d s  g e r m in a t e d  for l e s s  than four  d a y s ,  only 
sc u te l lu m ,  e n d o s p e r m , and w hole  e m b r y o  a x i s  w e r e  a n a ly z e d  at 
e a r l i e r  s t a g e s  of g e r m in a t io n .  All  t i s s u e s  w e r e  s e p a r a t e d  and 
w a s h e d  with distil led w a t e r  p r i o r  to e x t r a c t i o n .
F i g u r e  2  i l l u s t r a t e s  t h e  s p e c t r u m  of  e s t e r a s e  i s o e n z y m e s  
f ro m  t i s s u e s  of g erm in at in g  s e e d  of in b re d  A A 6 . S c u t e l lu m  c o n ­
tained an i s o e n z y m e  ( d e s ig n a te d  a s  x  in the i l lu stra t ion)  on the 
f i r s t  day  of g e rm in a t io n  that d i s a p p e a r e d  at l a t e r  s t a g e s  of g e r m i ­
nation.  O n  the fifth day  of germ inat ion  a s e c o n d  i s o e n z y m e  
a p p e a r e d  in scute l lum  ( d e s ig n a te d  a s  y in the i l lu stra t ion)  which 
w a s  not p r e s e n t  at e a r l i e r  s t a g e s  of g e r m in a t io n .  A  l a r g e  
i n c r e a s e  in total act iv i ty ,  indicated by s t re n g th en in g  of the individual
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F i g .  2 .  C h a n g e s  in the E s t e r a s e  I s o e n z y m e  P a t t e r n s  of T i s s u e s  
f ro m  G e r m in a t in g  S e e d  of I n b r e d  A A 6  ( H a w . )  D u r in g  D e v e ­
lopment of the S e e d l i n g .
^'Scutellum t i s s u e  of ( 1 )  1 - d a y  old ,  ( 2 )  3 - d a y  o ld ,  ( 3 )  4 - d a y  o ld ,  
( 4 )  5 - d a y  o ld ,  ( 5 )  6 - d a y  o ld ,  ( 6 ) 7 - d a y  old s e e d l i n g s ;  ( 7 )  e m b r y o  
a x i s  of 3 - d a y  old s e e d l in g ;  r o o t  of ( 8 ) 4 - d a y  o ld ,  ( 9 )  5 - d a y  o ld ,  
( 1 0 )  6 - d a y  o ld ,  ( 1 1 )  7 - d a y  old s e e d l i n g s ;  plumule of ( 1 2 )  4 - d a y  
o ld ,  ( 1 3 )  5 - d a y  o ld ,  ( 1 4 )  6 - d a y  o ld ,  and U 5 )  7 - d a y  old s e e d l in g .
i s o e n z y m e s  in the s cu te l lu m ,  w a s  s e e n  a s  the s e ed l in g  a g e d .  T h e  
e n t i r e  e m b r y o  a x i s  of the 3 - d a y  old se ed l in g  s h o w e d  a m in o r  i s o ­
e n z y m e  that w a s  not p r e s e n t  in e i th e r  the ro o t  o r  plumule t i s s u e  at 
l a t e r  s t a g e s  of g e r m in a t io n .  I s o e n z y m e  18 w a s  p r e s e n t  in all t i s ­
s u e s  throughout  the g e rm in a t io n  p r o c e s s .  I s o e n z y m e s  1 4 - 1 6  w e r e  
a l so  p r e s e n t  in all t i s s u e s  at all s t a g e s ,  h o w e v e r ,  a w e a k e n in g  of
o
t h e s e  two i s o e n z y m e s  o c c u r r e d  in the ro o t  and plumule t i s s u e s  at 
l a t e r  s t a g e s  of g e r m in a t io n .  I s o e n z y m e  12 w a s  p r e s e n t  in ro ot  
and plumule t i s s u e s  but diminished in s t re n g t h  a s  the se ed l in g  ag ed .  
I s o e n z y m e  12 w a s  not s e e n  in w hole  e m b r y o  a x i s  on the th ird day 
of g e r m in a t io n .  I s o e n z y m e s  4 2  and 4 3  b e c a m e  n o t iceab ly  w e a k e r  
in ro o t  and plumule t i s s u e s  a s  the se e d l in g  a g e d .  I s o e n z y m e  4 0  
w a s  p r e s e n t  in all t i s s u e s  throughout the g e rm in a t io n  p r o c e s s .
T h e  s a m e  w a s  noted for  i s o e n z y m e  3 4  in a  s e p a r a t e  s e r i e s .
M a tu re  e n d o s p e r m  fro m  d r y  s e e d s ,  s e e d s  that had b e e n  
g e r m in a t e d  fo r  o n e ,  tw o ,  t h r e e ,  f o u r ,  and five d a y s ,  w a s  a n a ly z e d  
e l e c t r o p h o r e t i c a l l y  for  e s t e r a s e  activity ( F i g u r e  3 ) .  T h e  f igu re  
i l lu s t r a t e s  e n d o s p e r m  t i s s u e  f ro m  i n b r e d s  M 119 and A A 6 . I s o ­
e n z y m e  18 o c c u r r e d  throughout all s t a g e s  of g e r m in a t io n .  
I s o e n z y m e s  1 4 - 1 6 ,  p r e s e n t  in in b re d  A A 6 , w e r e  not s e e n  in the 
d r y  s e e d  e n d o s p e r m  but a p p e a r e d  at l a t e r  s t a g e s  of g e r m in a t io n .  
I s o e n z y m e  4 0  a p p e a r e d  throughout all s t a g e s  of g e r m in a t io n .  
I s o e n z y m e s  4 2  and 4 3  w e r e  w e a k  in d r y  s e e d s  but b e c a m e  
s t r o n g e r  a s  the s e e d s  g e r m i n a t e d .  A  l a r g e  diffuse a r e a  of
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M 119 A A6
4 0  I
4 7
4 3
F i g .  3 .  C h a n g e s  in E s t e r a s e  I s o e n z y m e  P a t t e r n s  of E n d o s p e r m  
T i s s u e  f r o m  G e r m in a t in g  S e e d s  of I n b r e d s  M 119  ( P u r d u e )  and 
A A 6  ( H a w . )  D u r in g  D e v e lo p m e n t  of the S e e d l i n g .
^ E n d o s p e r m  f ro m  ( 1 )  d r y  s e e d  and fro m  e n d o s p e r m  of ( 2 )  1 - d a y  
o ld ,  ( 3 )  2 - d a y  o ld ,  ( 4 )  3 - d a y  o ld ,  ( 5 )  4 - d a y  o ld ,  and ( 6 ) 5 - d a y  
old s e e d l i n g s .  H atch ing  extending f ro m  the o r ig in  at the bottom of 
the f ig u re  r e p r e s e n t s  a m y l a s e  activi ty .
e s t e r a s e  activity o c c u r r e d  in m a t u re  e n d o s p e r m  extending f ro m  the 
o r ig in  t o w a r d s  the anode  throughout the g erm in a t io n  p r o c e s s .  A s  
c a n  b e  s e e n  f ro m  the f ig u r e ,  l a r g e  am ou nts  of a m y l a s e  activity 
o c c u r r e d  in la t e r  s t a g e s  of g e rm in a t io n .
O n e  of the m o st  d r a m a t ic  f e a t u r e s  of g e rm in a t io n  is  the d i s ­
a p p e a r a n c e  of r e s e r v e  m a t e r i a l s .  T h e  g r e a t  i n c r e a s e  in e s t e r a s e  
act ivity in the scute l lum  during the g erm in a t io n  p r o c e s s  m ay  b e  
c o r r e l a t e d  to t h e s e  d i s a p p e a r a n c e s  in s o m e  m a n n e r .  D u r in g  the 
g e rm in a t io n  p r o c e s s  t h e r e  i s  a  c o n v e r s i o n  of fat to c a r b o h y d r a t e ,  
the f i r s t  s tep  of which  i s  the c o n v e r s i o n  of t r i g l y c e r i d e s  to f r e e  
fatty a c i d s  and g l y c e r o l .  A c c o r d i n g  to B e e v e r s  ( 1 9 6 1 a , b )  this  is  
a c c o m p l i s h e d  b y  a  g r e a t ly  i n c r e a s e d  ne u tra l  l ip a s e  act iv i ty .  T h e  
fatty a c i d s  th us  p r o d u c e d  a r e  not a ccu m u la te d  but a r e  c o n v e r t e d  to 
ace ty l  C o - A  b y  p -o x id a t io n  (S t u m p f  and B a r b e r ,  1 9 5 6 ) .  T h e  
acety l  C o - A  i s  then c o n v e r t e d  to c a r b o h y d r a t e s  v ia  the g lyoxyla te  
c y c l e  and o t h e r  m e ta b o l i c  p a t h w a y s .
A s  m uch a s  40% of the d r y  weight of the m a iz e  scute l lum  is  
c o m p o s e d  of l ipids ( Z e l l e r ,  1 9 5 7 ) .  T o o l e  ( 1 9 2 4 )  noted that 
b e f o r e  g e rm in a t io n  l a r g e  g lo b u le s  of fat w e r e  p r e s e n t  in the 
scute l lum  of m a i z e .  A f t e r  g e r m in a t io n ,  t h e s e  fat g lo b u le s  had d i s ­
a p p e a r e d .  A t  the s a m e  t im e ,  s u g a r  and s t a r c h  g r a n u l e s  w e r e  
noted to a c c u m u la t e  in the scute l lum  and e m b r y o  a x i s  of the g e r ­
minating s e e d .  J a m e s  and J a m e s  ( 1 9 4 0 )  and A lb a u m  and E i c h e l  
( 1 9 4 3 )  s h o w e d  that the l o s s  of lipid m a te r ia l  f ro m  e m b r y o s
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(scu te l lu m  intact )  of developing c e r e a l  g r a i n s  p r e c e d e d  the 
mobilization of c a r b o h y d r a t e  r e s e r v e s  in the e n d o s p e r m . D u r in g  
the p e r io d  of ra p id  fat b r e a k d o w n ,  the R Q  v a lu e s  w e r e  l e s s  than 
1 . 0  su g g e s t in g  that the l ipids w e r e  s e r v i n g  a s  the r e s p i r a t o r y  
s u b s t r a t e  ( J a m e s  and J a m e s ,  1 9 4 0 ;  D u r e ,  1 9 6 0 a ) .  D a ta  p r e ­
se n te d  by  Ingle ^  ( 1 9 6 4 )  s h o w e d  that scute llum t i s s u e  of g e r ­
minating m a i z e  d e m o n s t r a te d  a 173% i n c r e a s e  in c a r b o h y d r a t e  
content and a 59% l o s s  in lipid content o v e r  a  pe r io d  of five d a y s .  
T h e  g r e a t e s t  amount of lipid l o s s  o c c u r r e d  in the las t  t h r e e  d a y s  
of the g erm in a t io n  tes t  ( 3 r d ,  4 th ,  and 5th d a y s  of g e r m i n a t i o n ) .  
T h i s  de lay ed  utilization of lipid m a ter ia l  a g r e e d  with the o b s e r v a ­
tion of T o o l e  ( 1 9 2 4 )  and M alhort ia  ( 1 9 3 4 )  but c o n t r a s t e d  with the 
o b s e r v a t i o n s  of D u r e  ( I 9 6 0 ) .
T h e  g lyoxyla te  c y c l e  r e q u i r e d  fo r  the c o n v e r s i o n  of the lipids 
to c a r b o h y d r a t e s  w a s  found in scute llum of f iv e - d a y  old s e e d l in g s  
of m a iz e  ( O a k s  and B e e v e r s ,  1 9 6 4 b ) .  O t h e r  m a iz e  t i s s u e s  did 
not contain  significant l e v e l s  of g lyoxyla te  c y c l e  act iv i t ies  ( H a r l e y  
and B e e v e r s ,  1 9 6 3 ) .
T h e  e s t e r a s e  i s o e n z y m e s  of the m a i z e  scute llum m ay  play an 
im portant  r o l e  in the c o n v e r s i o n  of lipid m a t e r i a l s  to s u g a r s .  T h e  
i n c r e a s e  in e s t e r a s e  i s o e n z y m e  activity of the scu te l lu m  of 5 ,  6 , 
and 7 - d a y  old s e e d l in g s  a g r e e s  with the o b s e r v a t i o n s  of fat l o s s ,  
during the s a m e  s t a g e s  of dev elo pm ent ,  p r e s e n t e d  by  Ingle et a l . 
( 1 9 6 4 ) ,  T o o l e  ( 1 9 2 4 ) ,  and M alhort ia  ( 1 9 3 4 ) .
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It i s  tempting to a s s i g n  l ip a s e  activity to t h e s e  e s t e r a s e  
i s o e n z y m e s  due to the high d e g r e e  of o v e r la p p in g  s u b s t r a t e  s p e c i ­
ficity of e s t e r a s e s  in g e n e r a l  ( s e e  s e c t io n  on s u b s t r a t e  u t i l iza t ion) .  
A  p o s s i b l e  c o r r e l a t i o n  w a s  noted by  L e w i s  and H u n te r  ( 1 9 6 6 )  
b e t w e e n  a -n a p h th y l  a c e t a t e  h y dro ly z ing  e s t e r a s e  i s o e n z y m e s  and 
lipid m e ta b o l i sm  in r a t s .  T h e i r  e x p e r i m e n t s  involved the e x a m i n a ­
tion of in testinal t i s s u e  in r a t s  that had b e e n  fed on  diets  v a r y in g  
in lipid c o n te n t .  T h e y  s h o w e d  that intestinal t i s s u e s  f ro m  r a t s  fed 
on c o r n  oil diets  co n ta in e d  significantly  h ig h e r  e s t e r a s e  activity than 
r a t s  fed on c o r n  oil f r e e  d ie ts .  T h e  i n c r e a s e d  leve l  of e s t e r a s e  
activity in the lipid containing scu te l lu m  t i s s u e  of the p r e s e n t  study 
m a y  b e  an indicat ion of th e ir  r o l e  in lipid m e ta b o l i s m .
4 .  S u b s t r a t e  Util ization
E x t r a c t s  f rom  s e l e c t e d  i n b r e d s  r e p r e s e n t i n g  21 of the 
d e s c r i b e d  i s o e n z y m e s  w e r e  te s te d  for  th e i r  c a p a c i t y  to utilize 
s u b s t r a t e s  o t h e r  than a -n ap h th y l  a c e t a t e .  R o o t  and scute l lum  t i s ­
s u e  f ro m  f i v e - d a y  old s e e d l in g s  w e r e  u s e d  a s  e s t e r a s e  s o u r c e s .  
I s o e n z y m e s  not te s t e d  in this s e r i e s  w e r e  1 0 ,  2 0 ,  3 0 ,  5 0 ,  5 3 ,
5 7 ,  5 5 ,  and 6 1 .
T h e  s u b s t r a t e s  teste ‘d in the p r e s e n t  s e r i e s  w e r e  the alpha 
and b e ta  f o r m s  of naphthyl a c e t a t e ,  naphthyl l a u r a t e ,  naphthyl 
m y r i s t a t e ,  naphthyl palm itate ,  naphthyl s t e a r a t e ,  a lp h a  naphthyl 
b u t y r a t e ,  and b e t a  c a r b o n a p h t h o x y  chol ine  iodide.  T h e  staining
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solution d e s c r i b e d  e a r l i e r  for  e s t e r a s e  sta ining w a s  u s e d  in the 
p r e s e n t  study with the subst itutions of the different s u b s t r a t e s .
T h e  c o n c e n t r a t i o n s  of the s u b s t r a t e s  added to e a c h  tes t  stain  w a s  
the s a m e  ( 0 . 0 3 % )  a s  .that d e s c r i b e d  e a r l i e r  fo r  a -n a p h th y l  a c e t a t e .  
O n e  and o n e - t e n th  g r a m s  F a s t  B l u e  R R  S a l t  w a s  added to 1 2 0 0  
ml of 0 . 1  M p ho sph ate  buffer  (pH 6 . 5 )  and f i l t e re d .  T h e  solution 
w a s  divided into 1 2  1 0 0 -m l  p o r t io n s  and t h r e e  ml of s u b s t r a t e  
solut ion w a s  added to e a c h  po rt io n .  T h e  final pH v a l u e s  of the 
so lut ions  r a n g e d  from  6 . 2 - 6 . 5 .  TTie staining so lut io ns  w e r e  u s e d  
in this f o r m .  Incubation t im es  v a r i e d  f ro m  4 5  minutes  to 15 h o u r s  
depending upon the stainability of e a c h  so lut ion.  T h e  l o n g e r  ch a in  
e s t e r s  (pa lm ita te ,  s t e a r a t e )  s h o w e d  limited so lubil it ies in the te s t  
s t a i n s ,  h e n c e  the final c o n c e n t r a t i o n s  of t h e s e  s u b s t r a t e s  w a s  
s o m e w h a t  l o w e r  than 0 . 0 3 % .
T h e  a c e t a t e  and b u ty ra te  e s t e r s  w e r e  h y d r o ly z e d  by  all of 
the i s o e n z y m e s  p r e s e n t  in the e x t r a c t s  ( T a b l e s  3 and 4 ) .  T h e  
la u r a te  and m y r i s t a te  e s t e r s  w e r e  h y d r o ly z e d  to a  limited d e g r e e  
by i s o e n z y m e s  1 8 ,  3 4 ,  4 0 ,  4 2 ,  4 3 ,  and the 6 0 - 8 0  g r o u p s  fo l low­
ing 12 h o u r s  of incubat io n .  T h e  palm atate  and s t e a r a t e  e s t e r s  
w e r e  h y d r o ly z e d  to a v e r y  slight d e g r e e  in the scute llum t i s s u e s  
only  a f te r  15 h o u r s .  T h e  i s o e n z y m e s  of the scute llum that s ta ined  
in t h e s e  so lut ions  w e r e  i s o e n z y m e s  1 8 ,  3 4 ,  4 0 ,  4 2 ,  and 4 3 .
T h e s e  i s o e n z y m e s  stained e x t r e m e l y  w e a k .  T h e  cho l in e  e s t e r  
w a s  h y d r o ly z e d  in both ro o t  and scute llum t i s s u e  following 4 h o u r s
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T a b l e  3 .  S u b s t r a t e  Util ization b y  E s t e r a s e  I s o e n z y m e s  E x t r a c t e d  f ro m  S c u t e l l u m  T i s s u e
S u b s t r a t e
I s o e n z y m e s
1 4 - 1 6 18 3 4 4 0
C o m  pi 
I
e x -
II 4 2 4 3 59
a-n ap h th y l a c e t a t e m * s s s m m m m w
p-naphthyl a c e t a t e m s s s m m m m w
p-naphthyl b u ty ra te w s m m w w w w w
a-n ap h th y l l a u r a t e * ’!^ 0 m m m 0 0 w w 0
p -naphthyl l a u r a t e * ’’' 0 m m m 0 0 w w 0
a-n ap h th y l m y r i  s t a t e * * 0 m m m 0 0 w w 0
p-naphthyl my r i  s t a t e * * 0 m m m 0 0 w w 0
a-n ap h th y l p a l m i t a t e * * 0 w w w 0 0 w w 0
P-naphthyl p a lm i t a t e * * 0 w w w 0 0 w w 0
a-naph thy l s t e a r a t e * * 0 w w w 0 0 w w 0
p-naphthyl s t e a r a t e * * 0 w w w 0 0 w w 0
P - c a r b o n a p h t h o x y  chol ine  iodide 0 m m m 0 0 m m 0
>l'w -  w e a k ,  m = m ediu m ,  s = s t r o n g ,  0  
^' ' 'prolonged s ta in ing t im e .
no s ta in ing .
Co
T a b l e  4 .  S u b s t r a t e  Utilization b y  E s t e r a s e  I s o e n z y m e s  E x t r a c t e d  f ro m  R o o t  T i s s u e
I s o e n z y m e s
S u b s t r a t e 1 2 1 4 - 1 6 18 3 4 40
C o m  pi 
I
e x -
II 4 2 4 3 6 0 - 8 0
a -n ap h th y l a c e t a t e w * m s s s m m w w s
p-naphthyl a c e t a t e w m s s s m m w w s
P-naphthyl b u ty r a t e w w s s s w w w w s
a-n ap h th y l l a u r a t e * * 0 0 m m m 0 0 w w w
p-naphth yl l a u r a t e * * 0 0 m m m 0 0 w w w
a -n ap h th y l m y r i  state* ' ! ' 0 0 m w w 0 0 w w w
P-haphthyl my r i  s t a t e * * 0 0 m w w 0 0 w w w
a-n ap h th y l p a l m i t a t e * * 0 0 0 0 0 0 0 0 0 0
p-naphthyl palm it a t e * * 0 0 0 0 0 0 0 0 0 0
a-n ap h th y l s t e a r a t e * * 0 0 0 0 0 0 0 0 0 0
p-naphthyl s t e a r a t e * * 0 0 0 0 0 0 0 0 0 0
P - c a r b o n a p h t h o x y  cho l in e  iodide 0 0 m m m 0 0 w w w
* w  -  w e a k ,  m -  m ediu m ,  s  — s t r o n g ,  0  = no s ta in ing .  
>!a!=prolonged sta in ing time .
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of sta ining b y  i s o e n z y m e s  1 8 ,  3 4 ,  4 0 ,  4 2 ,  4 3 ,  and the 6 0 - 8 0  
g r o u p s .
It w a s  noted e a r l i e r  that the scute l lum  co nta ined  the s t r o n g e s t  
sta ining i s o e n z y m e s .  I s o e n z y m e s  1 8 ,  3 4 ,  4 0 ,  4 2 ,  and 4 3  w e r e  
found to b e  e s p e c i a l l y  s t r o n g  in this  t i s s u e .  T h i s  is  p e r h a p s  the 
r e a s o n  w hy only  scute l lum  t i s s u e  w a s  ab le  to utilize the palmitate 
and s t e a r a t e  e s t e r s  following p ro lo n g e d  incubat io n .  T h e r e  
a p p e a r e d  to b e  a  definite re la t io n sh ip  b e t w e e n  the length of the 
a cy l  g r o u p  of the e s t e r  and the ability of the e s t e r a s e  i s o e n z y m e s  
to utilize the s u b s t r a t e .  T h e  l o n g e r  ch a in  e s t e r s  ( l a u r a t e ,  
m y r i s t a t e ,  palm itate ,  and s t e a r a t e )  w e r e  h y d r o ly z e d  v e r y  s lo w ly  
in c o m p a r i s o n  with the 2 and 4  c a r b o n  a c e t a t e  and b u ty ra te  e s t e r s .
T h e  z y m o g r a m  h a s  b e e n  u s e d  a s  a  tool in s u b s t r a t e  s p e c i ­
ficity s t u d ie s  for  the e s t e r a s e s  of m ic e  ( H u n t e r  and B u r s t o n e ,
I 9 6 0 ;  E r a n k o  ^  , 1 9 6 2 ;  H u n te r  and S t r a c h a n ,  1 9 6 1 ) ,  r a t s
( S c h w a r k  and E c o b i c h o n ,  1 9 6 7 ) ,  and h u m a n s  ( E c o b i c h o n ,  1 9 6 6 ) .  
It i s  g e n e r a l l y  a g r e e d  that the m a jor i ty  of the e s t e r a s e  i s o e n z y m e s  
do not h y d r o ly z e  the l o n g e r  ch a in  e s t e r s  at s ignif icant r a t e s .  T h e  
ch a in  le n g th s  of the dif ferent naphthyl e s t e r s  h a v e ,  h o w e v e r ,  b e e n  
u s e d  to di fferentiate  b e t w e e n  e s t e r a s e s  and l i p a s e s  ( N a c h l a s  and 
S e l i g m a n ,  1 9 4 9 ;  H u n te r  and S t r a c h a n ,  1 9 6 1 ) .  H u n te r  and 
S t r a c h a n  ( 1 9 6 1 )  indicated  that o n e  of the i s o e n z y m e s  they  o b ­
s e r v e d  w a s  a  l i p a s e  on the b a s i s  that it h y d r o ly z e d  p-naphth yl 
l a u r a t e  but not s h o r t e r  cha in  s u b s t r a t e s .  E s t e r a s e  i s o e n z y m e s
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that h y d r o ly z e  both s h o r t  ch a in  e s t e r s  and c h a i n s  up to 18 c a r b o n s  
long ( s t e a r a t e )  h a v e  b e e n  noted in hum an b r a i n .  Dif ferentiat ion 
b e t w e e n  l i p a s e s  and e s t e r a s e s  i s  difficult due to the o v e r la p p in g  
sp e c i f i c i t i e s  of the two g r o u p s  (M o u n ter  and M o u n t e r ,  1 9 6 2 ) .  T h e  
v e r y  low sp e c i f ic i ty  exhib i ted by  the m a i z e  e s t e r a s e  i s o e n z y m e s  in 
the p r e s e n t  study m a k e  c l a s s i f i c a t i o n s  into e s t e r a s e  and l i p a s e s  
i m p o s s i b l e .  T h e  fact  that scute l lum  t i s s u e  w a s  the only  t i s s u e  
d e m o n stra t in g  ' l ip a se '  act ivity m a y  s imply b e  due to quantitative dif­
f e r e n c e s  in the i s o e n z y m e s  b e t w e e n  the two t i s s u e s  s tudied .  T h e  
scute llum is  a t i s s u e  that s t o r e s  a p p r e c i a b l e  am ou nts  of lipid,  h o w ­
e v e r ,  and the e s t e r a s e s  p r e s e n t  in this t i s s u e ,  e s p e c i a l l y  i s o ­
e n z y m e s  1 8 ,  3 4 ,  4 0 ,  4 2 ,  and 4 3 ,  m ay  b e  involved in the m e t a ­
bo l ism  of t h e s e  l ip ids .
T h e  fact  that s e v e r a l  of the m a j o r  i s o e n z y m e s  w e r e  c a p a b l e  
of h y d ro ly z in g  the cho l in e  e s t e r  d o e s  not n e c e s s a r i l y  indicate  that 
t h e s e  i s o e n z y m e s  a r e  c h o l i n e s t e r a s e s . A s  will b e  pointed out 
b e l o w ,  inhibition of t h e s e  i s o e n z y m e s  by e s e r i n e  ( a n  index u s e d  to 
dif ferentiate  b e t w e e n  c h o l i n e s t e r a s e s  and o t h e r  e s t e r a s e s )  w a s  not 
noted .  T h e  ability to h y d r o ly z e  the c h o l i n e s t e r  in the p r e s e n t  
study d o e s  indicate  a v e r y  low speci f ic i ty  b y  t h e s e  i s o e n z y m e s .
A n  e s t e r a s e  staining solut ion w a s  m a d e  which  co nta ined  equal 
c o n c e n t r a t i o n s  of a lpha  and b e ta -n ap h th y l  a c e t a t e  ( 0 . 0 3 %  e a c h ) .
T h e  g e l s  contain ing the s e l e c t e d  i n b r e d s  u s e d  in the s u b s t r a t e  s p e ­
cificity study a b o v e  w e r e  s ta ined  in this m ixed  s u b s t r a t e  so lut ion.
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T h e  b e ta  fo rm  of the s u b s t r a t e  r e s u l t e d  in r e d  staining i s o e n z y m e s  
while  the alpha fo r m  r e s u l t e d  in b l u e - b l a c k  staining i s o e n z y m e s .
B y  mixing the two s u b s t r a t e s  to g e th e r  it w a s  hoped that a p r e f e r ­
e n c e  by  the i s o e n z y m e s  t o w a r d  e i th e r  of the two s u b s t r a t e s  could 
b e  d e te rm in e d  by noting the c o l o r  of the s ta ined  i s o e n z y m e s .  It 
w a s  found that i s o e n z y m e  18  sta ined r e d  in the m ixed  s u b s t r a t e  
solution indicating that th is  i s o e n z y m e  s h o w e d  a p r e f e r e n c e  for  the 
b e ta  f o r m .  T h e  o t h e r  i s o e n z y m e s  s ta ined  purple  to blue indicating 
that both s u b s t r a t e s  w e r e  be ing  h y d r o ly z e d  and that a p r e f e r e n c e  
f o r  o n e  s u b s t r a t e  fo rm  o r  the o t h e r  w a s  la c k in g .
5 .  Inhibition and Act ivat ion
T h e  c a p a c i t y  to inhibit o r  act ivate  the m a iz e  e s t e r a s e  
i s o e n z y m e s  w a s  te s t e d  for  a p p ro x im ate ly  4 0  o r g a n i c  and in o r g a n ic  
c o m p o u n d s .  A  n o rm a l  sta ining solution,  d e s c r i b e d  e a r l i e r ,  w a s  
p r e p a r e d  and divided into two lo t s .  F o l lo w i n g  e l e c t r o p h o r e s i s ,  
g e l s  w e r e  cut into identical  h a l v e s  and o n e  half w a s  p la c e d  in the 
n o rm a l  staining solution ( c o n t ro l  g e l )  and incubated  at 3 7 ° C .  T o  
the re m a in in g  staining solution w a s  added the te s t  co m p o u n d .  T h e  
te s t  com pound w a s  mixed in the n o rm al  stain  and the pH of the 
m ix tu re  w a s  te s te d  and ,  w h e n  n e c e s s a r y ,  ad ju sted  to pH 6 . 5  with 
e i t h e r  N K O H  o r  c o n c e n t r a t e d  H C l .  T h e  o t h e r  hcilf of the gel 
w a s  in cu bated  at 3 7 ° C  in the te s t  .solution. Incubation t im e s  for  
the c o n tro l  gel  and the te s t  gel  w e r e  the s a m e .  Dilution of the
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te s t  solut ion due to addition of te s t  co m po u nd and ad ju stment  of pH 
n e v e r  e x c e e d e d  5%.
Inhibition and activation w a s  r a te d  b y  v isual  in s p e c t io n  of the 
gel  by c o m p a r i n g  the c o n tro l  gel  with the tes t  g e l . S ta inabi l i ty  
w a s  r a t e d  on a 0 - 3  s c a l e :  0 = no s t a in ,  1 = w e a k  s ta in ,  2 =
n o r m a l  stain  equaling  the c o n t r o l  g e l ,  and 3 = d a r k e r  staining than 
the co n tro l  g e l .
S i x t e e n  i n o r g a n i c  c o m p o u n d s  w e r e  te s te d  a s  inh ib i to rs  o r  
a c t i v a t o r s  of the m a i z e  e s t e r a s e s  ( T a b l e  5 ) .  Of the 16 te s t  c o m ­
p o u n d s ,  t h r e e  exhibi ted  s p e c i f i c  inhibition of c e r t a i n  e s t e r a s e  
i s o e n z y m e s .  A c t iv a t io n  w a s  not noted.
S o d i u m  f l u o r i d e : F l u o r i d e  ion sp e c i f i c a l ly  inhibited i s o e n z y m e
1 8 .  A t  a c o n c e n t r a t i o n  of 1 0 0 0  ppm N a F ,  i s o e n z y m e  18 a p p e a r e d  
a s  a w e a k l y  sta ining b a n d ,  while  it w a s  inhibited co m p le te ly  at 
5 0 0 0  ppm .  N one  of the o t h e r  e s t e r a s e  i s o e n z y m e s  w e r e  a f fe c te d .
It h a s  b e e n  s h o w n  that c h o l i n e s t e r a s e  ( C i m a s o n i ,  1 9 6 6 ;  
H e i l b r o n n ,  1 9 6 5 ;  P a s t o r  and F e n n e l l ,  1 9 5 9 ) ,  a r y l e s t e r a s e s  
( K o m m a ,  1 9 6 3 )  and p o s s ib ly  a l l e s t e r a s e s  ( B o i k o v a  ^  a [ . , I 9 6 0 )  
a r e  inhibited b y  f lu o r id e .  F u r t h e r m o r e ,  C im a s o n i  ( 1 9 6 6 )  and 
H e i l b r o n n  ( 1 9 6 5 )  s h o w e d  that this inhibition w a s  r e v e r s i b l e .  In 
the  p r e s e n t  s tudy ,  a gel  w hich  s h o w e d  inhibition of i s o e n z y m e  18 
following t r e a t m e n t  with 5 0 0 0  ppm N a F  w a s  s o a k e d  for  o n e  h o u r  
in running  w a t e r  and r e s t a i n e d  in a  n o r m a l  s ta in ing solution f r e e  
of f luoride  io n .  R e a c t i v a t i o n  of i s o e n z y m e  1 8 ,  a s  indicated by
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Table 5. The Effects of V ariou s Inorganic Compounds
on the E s te ra s e  Isoenzymes of Maize
Co m po un d
C o n e  .
( m g / 1 )
I s o e n z y m e s
C o m p l e x -
12 1 4 - 1 6  18 I II 3 4  4 0  4 2  4 3  E 4 .
S o d iu m  f luoride
P o t a s s i u m  p e r m a n g a n a t e  
P h o s p h a t e
P o t a s s i u m  m e ta p e r io d a t e  
C o p p e r  c h l o r id e  
C o p p e r  ni t rate  
F e r r i c  c h l o r id e  
M e r c u r i c  c h l o r id e  
S o d iu m  c y a n id e  
S o d iu m  a r s e n a t e  
L e a d  a c e t a t e  
S t a n n o u s  c h l o r id e  
F e r r o u s  am m onium  sulfate 
F e r r i c y a n i d e  
F  e r r o c y a n i d e  
C a lc iu m  c h l o r id e
1000  2 *  2 1 2  2 2 2 2 2 2
5 0 0 0  2 2 0 2  2 2 2 2 2 2
5 0 0 0  2 2 2 2  2 1 1 2 2 2
0 . 1  M 2  2 2 2  2 2 2 2 2 2
0 . 5  M 2  2 1 2  2 2 2 2 2 2
10000  0 0 0 0  0 0 0 0 0 0
5 0 0 0  1 1 1 1  1 1 1 1 1 0
10000  0 0 0 0  0 0 0 0 0 0
5 0 0 0  2 2 2 2  2 2 2 2 2 2
1000  1 1 1 1  1 1 1 1 1 2
1000  2 2 2 2  2 2 2 2 2 2
1000  2 2 2 2  2 2 2 2 2 2
1000  2 2 2 2  2 2 2 2 2 2
1000  2 2 2 2  2 2 2 2 2 2
5 0 0 0  1 1  1 1 1 1 1 1 1 1
5 0 0 0  1 1 1 1 1 1 1 1 1 1
5 0 0 0  1 1 1 1  1 1 1 1 1 1
5 0 0 0  2 2 2 2  2 2 2  2 2 2
* 0  -  No s ta in  ( c o m p l e t e  in h ibi t ion) ,  1 = w e a k  s ta in  (l imited inh ib i t ion) ,  2 = n o r m a l  s ta in  
(no inh ib i t ion) .
Co
-v)
staining of this  i s o e n z y m e  to n e a r l y  the s a m e  intensi ty  a s  the 
c o n tro l  s ta in ed  g e l ,  indicated the r e v e r s i b i l i t y  of f luoride  inhibition.
P e r m a n g a n a t e  ( a s  K M n O ^ ) : T h e  p e r m a n g a n a t e  ion a p ­
p e a r e d  to b e  a s p e c i f i c  inhibi tor  of i s o e n z y m e s  3 4  and 4 0 .  A t  a 
c o n c e n t r a t i o n  of 5 0 0 0  ppm KMnO^.,  t h e s e  two i s o e n z y m e s  w e r e  
n o t ic e a b ly  w e a k e n e d  in th e i r  stainability  while  the o t h e r  e s t e r a s e  
i s o e n z y m e s  r e m a i n e d  u n c h a n g e d .
P h o s p h a t e : T h e  p h o sp h ate  ion a p p e a r e d  to s p e c i f i c a l ly  in­
hibit i s o e n z y m e  1 8 .  T h e  e s t e r a s e  staining solution u s e d  in the 
p r e s e n t  s tudy co n ta in e d  p h o sp h ate  buffer  ( O . I M  sodiu m p h o s p h a te s  
m o n o -  and d i b a s i c ) .  When the c o n c e n t r a t io n  of p h o sp h ate  bu f fer  
w a s  r a i s e d  to 0 . 5 M ,  a  w e a k e n in g  of i s o e n z y m e  18 w a s  noted .  
Inhibition w a s  not co m p le te  at th is  c o n c e n t r a t i o n ,  n e v e r t h e l e s s  a 
m u ch  r e d u c e d  stainabili ty  of this i s o e n z y m e  w a s  a p p a r e n t .  
C h o l i n e s t e r a s e s  h a v e  b e e n  r e p o r t e d  to b e  inhibited b y  the p ho sph ate  
ion ( C i m a s o n i ,  1 9 6 6 ) .
T h e  o t h e r  i n o r g a n i c  c o m p o u n d s  te s t e d  s h o w e d  no sp e c i f i c  
inhibition of s e l e c t  i s o e n z y m e s .  Inhibition,  w h e n  p r e s e n t ,  w a s  
g e n e r a l  ( T a b l e  5 ) .
A s  with the i n o r g a n i c  c o m p o u n d s  t e s t e d ,  s e v e r a l  of the o r g a n ­
ic  c o m p o u n d s  s h o w e d  s e l e c t i v e  inhibition o r  act ivat ion of sp e c i f i c  
m a i z e  e s t e r a s e  i s o e n z y m e s  ( T a b l e  6 ) .
E s e r i n e : C h o l i n e s t e r a s e s  a r e  inhibited at c o n c e n t r a t i o n s  of
e s e r i n e  (1 0 " '^ M )  that do not inhibit o t h e r  e s t e r a s e s .  In the
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Table 6 . The Effects of Various Organic Compounds on the E s te ra s e  Isoenzymes of Maize
C om pound
C o n e . 
(M)
I s o e n z y m e s
12 1 4 - 1 6 18
C o m p l e x -  
1 II 3 4  4 0  4 2 4 3
E s e r i n e  sulfate 
A t r o p in e  sulfate 
A t r o p in e  (a lk a lo id )  
T r o p i n e  
E D T A
pCMB
lo d o a ce ta m id e  
Quinine sulfate 
A c e t y l c h o l in e  
C y s t e in e
Cho l ic  ac id  
T a u r o c h o l a t e  
L a u r y l  sulfate  
T a n n i c  ac id  
T h i o u r e a  
F o r m a m i d e  
' P a n o g e n '
2 . 5
1  X 1 0 “ 2
2  X 1 0 -^  
1 0 0 0  ppm 
4  X 1 0 - 2
 ^ X 1 0 - ^  
X 1 0 - 1




4  X 1 0 - 2
7 X 1 0 - ^
5 X 1 0 - ^
2  X 1 0 - 2
8  X ~
1 X
1 X 10- 
1  X 1 0 - 2
3 X 1 0 - 2
4  X 1 0 - 1
1 X 10°
5 0 0 0  ppm
1 0 - 3
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'■'0 = no s ta in  ( c o m p l e t e  inh ib i t ion) ,  1  = w e a k  s ta in  (l imited inh ib i t ion) ,  2  
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p r e s e n t  study e s e r i n e  sulfate  at c o n c e n t r a t i o n s  of 10  M did not 
inhibit any  of the e s t e r a s e  i s o e n z y m e s .  I s o e n z y m e  18  w a s  a l t e r e d  
b y  this c o n c e n t r a t i o n ,  staining r e d  r a t h e r  than the n o rm a l  b l u e -  
b la c k  a s s o c i a t e d  with the s ta in  u s e d .  N one  of the o t h e r  i s o ­
e n z y m e s  w e r e  af fec ted  by  e s e r i n e .
A t r o p i n e : 0 . 1 %  a tro p in e  ( c r u d e  alkaloid f o r m )  ac t ivated  i s o ­
e n z y m e s  3 4  and 4 0 .  A t  a c o n c e n t r a t io n  of 0 . 5 %  t h e s e  two 
i s o e n z y m e s  s ta ined  within 5 - 1 0  m inutes ,  w h e r e a s  a  c o m p a r a t i v e  
s ta in  r e a c t i o n  in the co n tro l  gel  r e q u i r e d  2 0 - 3 0  m in u t e s .  P u r i f i e d  
a tro p in e  sulfate had the s a m e  effect  ( 2  x  lO ” '^  M) . N o n e  of the 
o t h e r  i s o e n z y m e s  w e r e  affected by  e i th e r  the c r u d e  alkaloid fo rm  
o r  the purif ied f o r m .  M arton  and K a l o w  ( I 9 6 0 )  r e p o r t e d  that 
a r o m a t i c  e s t e r a s e s  ( a r y l e s t e r a s e s ) w e r e  inhibited by  a t r o p in e .
T r o p i n e : T h i s  co m p o u n d ,  c l o s e l y  r e la t e d  to the activat ing
c o m p o u n d ,  a t r o p i n e ,  had no af fect  on any  of the e s t e r a s e  i s o ­
e n z y m e s  in m a iz e  at the c o n c e n t r a t io n  u s e d  ( 4  x  1 0 “ '^  M ) .
E t h y le n e d ia m in e t e t r a  a c e t i c  ac id  ( E D T A ) : A t  a  c o n c e n t r a ­
tion of 10~^ M, E D T A  r e p r e s s e d  the activity of i s o e n z y m e s  1 4 -  
1 6 ,  C o m p l e x - I  and II, 3 4 ,  and 4 0 .  O t h e r  e s t e r a s e  i s o e n z y m e s  
w e r e  not inhibited at this  c o n c e n t r a t i o n ,  but all of the I s o e n z y m e s  
w e r e  co m p le te ly  inhibited at a  c o n c e n t r a t io n  of 1 0 “ 1 M E D T A .  
N one  of the i s o e n z y m e s  a p p e a r e d  to b e  af fected at c o n c e n t r a t i o n s  
of 1 0 “ 4  M o r  l e s s .  Com.plete inhibition b y  1 0 “  ^ M E D T A  could 
b e  o v e r c o m e  b y  s o a k in g  the inhibited gel  in an a q u e o u s  solution of
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C a C l 2  (5%) fo r  o n e  h o u r .  F o l lo w i n g  the incubat io n of the gel  in 
the E D T A  contain ing s t a in ,  the gel w a s  w a s h e d  in w a t e r  and then 
p la c e d  in the 5% C a C l 2  solut ion for  one  h o u r  and r e - s t a i n e d  in a 
n o r m a l  staining so lut ion.  T h e  s e c o n d  s ta in  r e s u l t e d  in i s o e n z y m e s  
ap p ro x im at in g  the staining intensi ty  on  the c o n tro l  g e l .
E D T A  is  a s t r o n g  che la t ing  agent  and h a s  b e e n  r e p o r t e d  to 
inhibit c h o l i n e s t e r a s e s ,  a r y l e s t e r a s e s , and a l i e s t e r a s e s  ( M a r to n  
and K a l o w ,  I 9 6 0 ;  E r d o s  ^  a l - j  I 9 6 0 ;  L u n d b la d ,  1 9 6 1 ;  K o m m a ,  
1 9 6 3 ;  C i m a s o n i ,  1 9 6 6 ) .  It w a s  noted b y  E r d o s  ( I 9 6 0 )
and K o m m a  ( 1 9 6 3 )  that low c o n c e n t r a t i o n s  of E D T A  act ivated 
e s t e r a s e  act iv i ty .  No s u c h  act ivat ion w a s  noted fo r  the m a iz e  
e s t e r a s e s .  K e a y  and C r o o k  ( 1 9 6 5 )  r e p o r t e d  no act ivat io n o r  in­
hibition of hog l i v e r  e s t e r a s e s  b y  E D T A  but did note s o m e  a c t i v a ­
tion by  C a C l 2 - In the p r e s e n t  study C a C l 2  w a s  not found to 
ac t iva te  the e s t e r a s e s  w hen  u s e d  a lo n e .
p - c h l o r o m e r c u r i b e n z o a t e  ( p C M B ) : T h i s  thiol r e a g e n t  ( 2 . 5
X 10~ 2  m )  s e l e c t i v e l y  inhibited i s o e n z y m e s  1 4 - 1 6 ,  c o m p l e x - I  and 
II,  3 4 ,  and 4 0 ,  but had no affect  on the o t h e r  e s t e r a s e  i s o e n z y m e s .  
p C M B  h a s  b e e n  r e p o r t e d  to inhibit c h o l i n e s t e r a s e s ,  a r y l e s t e r a s e s  
and a l i e s t e r a s e s  ( B e r g m a n n  ^  ? 1 9 5 7 ;  A l d r i d g e ,  1 9 5 3 a , b ;
K o m m a ,  1 9 6 3 ;  M ou n ter  and W h it ta k e r ,  1 9 5 3 ;  K e a y  and C r o o k ,  
1 9 6 5 ) .
C y s t e i n e : C y s t e i n e  p r o v e d  to b e  a potent inhibitor  of the
! s t e r a s e s .  A t  a  c o n c e n t r a t i o n  of 8  x  1 0 “ '^  M, all of the
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m a i z e  ei
e s t e r a s e  i s o e n z y m e s  w e r e  co m p le te ly  inhibited.  A t  a  c o n c e n t r a ­
tion of 2 X 1 0 “  ^ M c y s t e i n e ,  i s o e n z y m e s  1 8 ,  3 4 ,  4 0 ,  and the E 4  
e s t e r a s e s  r e t a in e d  a sm al l  amount of act ivity while  all o t h e r  e s t e r ­
a s e  i s o e n z y m e s  w e r e  inhibited c o m p le t e ly .  C y s t e i n e  h a s  b e e n  
r e p o r t e d  to inhibit e s t e r a s e s  (M o u n te r  and W h it tak e r ,  1 9 5 3 ;  E r d o s  
and L a s w i c k ,  1 9 6 1 ) .
l o d o a c e t a m i d e : C o n c e n t r a t i o n s  of io d o a c e t a m id e  a s  high a s
4  X 1 0 - 2  M had no effect  on the m a iz e  e s t e r a s e s .  lo d o a c e t a m id e  
h a s  b e e n  r e p o r t e d  to ac t ivate  e s t e r a s e s  ( K o m m a ,  1 9 6 3 ) .  O t h e r  
w o r k e r s  ( M o u n te r  and W h it ta k e r ,  1 9 5 3 ;  K e a y  and C r o o k ,  1 9 6 5 )  
t e s t e d  io d o a c e t a m id e  and found it to h a v e  no e f fect  on the e s t e r a s e  
a c t i v i t i e s .
T a u r o c h o l a t e : A  c o n c e n t r a t io n  of 1 x  lO"'^ M ta u r o c h o la t e
had no e f fect  on  the m a i z e  e s t e r a s e  i s o e n z y m e s .  T a u r o c h o l a t e  
h a s  b e e n  r e p o r t e d  to both ac t ivate  ( K o m m a ,  1 9 6 3 )  and inhibit 
( P a s t o r  and F e n n e l l ,  1 9 5 9 )  e s t e r a s e s .
T a n n i c  a c i d : T a n n i c  ac id  at a c o n c e n t r a t i o n  of 3 x  10“ 2 M
co m p lete ly  inhibited all of the m a i z e  e s t e r a s e  i s o e n z y m e s .  A t  a 
c o n c e n t r a t i o n  of 3 x  lO ” '^  M a  g e n e r a l i z e d  inhibition of all of the 
i s o e n z y m e s  w a s  noted .  Hall  ( 1 9 6 6 )  r e p o r t e d  inhibition of tomato 
p e c t i n e s t e r a s e  by  tannic  a c id .
T h e  o t h e r  o r g a n i c  c o m p o u n d s  te s ted  w e r e  e i t h e r  ineffective  
a s  inh ib i to rs  o r  a c t i v a t o r s  o r  r e s u l t e d  in a g e n e r a l i z e d  inhibition at 
the  c o n c e n t r a t i o n s  u s e d  ( T a b l e  6 ) .
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F o u r  te c h n ic a l  g r a d e  o r g a n o p h o s p h a t e  i n s e c t i c i d e s  and four  
te c h n ic a l  g r a d e  c a r b a m a t e  i n s e c t i c i d e s  w e r e  te s t e d  fo r  th e i r  c a p a ­
c i t i e s  to inhibit the m a iz e  e s t e r a s e  i s o e n z y m e s  ( T a b l e  7 ) .  A  
g r e a t  deal  of l i t e r a t u r e  e x i s t s  d e s c r i b i n g  the p o te n c y  of t h e s e  c o m ­
pounds  a s  e s t e r a s e  in h ib i tors  and i s  adequ ate ly  r e v i e w e d  by  
O ' B r i e n  ( 1 9 6 6 )  and v an  A s p e r e n  ( I 9 6 0 ) .
T h e  o r g a n o p h o s p h a t e  c o m p o u n d s  te s t e d  w e r e  D D V P  , 
D I B R O M ,  F O L I T H I O N ,  and P H O S P H A M I D O N .
D D V P  ( d i m e t h y l - 2 - 2 - d i c h l o r o v i n y l  p h o s p h a t e ) : D D V P  c o m ­
pletely inhibited i s o e n z y m e s  1 2 ,  3 4 ,  4 0 ,  and the E 4  e s t e r a s e s  at a 
c o n c e n t r a t i o n  of 2 5  ppm (in a c e t o n e )  . I s o e n z y m e s  1 8 ,  4 2 ,  and 4 3  
w e r e  part ia l ly  inhibited at this c o n c e n t r a t i o n .  A t  a  c o n c e n t r a t i o n  of 
50  ppm D D V P ,  only  i s o e n z y m e s  1 4 - 1 6  and com pIex-1  and II 
r e t a in e d  act iv i ty .  T h e s e  i s o e n z y m e s  w e r e  unaffec ted  e v e n  at a 
c o n c e n t r a t i o n  of 1 0 0  ppm. A s  i s  pointed out b e l o w ,  this  co m po u nd 
w a s  u s e d  in the g e n e t ic  a n a l y s i s  of c o m p l e x - l  and corn p le x- l l  w hich  
a r e  n o rm a l ly  o b s c u r e d  b y  the p r e s e n c e  of i s o e n z y m e s  18  and 3 4 .
D I B R O M  ( d i m e t h y l - 1 , 2 - d i b r o m o - 2 , 2 - d i c h l o r o e t h y l - p h o s p h a t e  ) : 
A t  a  c o n c e n t r a t i o n  of 50  ppm D I B R O M ,  all i s o e n z y m e s  e x c e p t  1 8 ,  
4 2 ,  and 4 3  w e r e  co m p le te ly  inhibited.  I s o e n z y m e s  4 2  and 4 3  
w e r e  n o t ic e a b ly  w e a k e n e d  at this c o n c e n t r a t io n  and w e r e  co m p le te ly  
inhibited at 1 0 0  ppm D I B R O M .  I s o e n z y m e  18 w a s  unaffec ted  at 
c o n c e n t r a t i o n s  a s  high a s  2 0 0  ppm D I B R O M .
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Table 7 . T h e Effects of S e v e ra l  Organophosphate and Carbamate Compounds
on the E s te ra s e  Isoenzymes of Maize
Co m po un d C o n e ,  (p p m )
I s o e n z y m e s
1 2 1 4 - 1 6 18
C o m p l e x -  
I II 3 4 4 0 4 2 4 3 E 4
D D V P * 25 0 >I'>1' 2 1 2 2 0 0 1 1 0
50 0 2 0 2 2 0 0 0 0 0
D I B R O M 50 0 0 2 0 0 0 0 1 1 0
1 0 0 0 0 2 0 0 0 0 0 0 0
P H O S P H A M I D O N 1 0 0 0 2 2 2 2 2 2 2 2 2 2
F O L I T H I O N 1 0 0 0 2 ' 2 2 2 2 2 2 2 2 2
S E V I N 2 0 0 0 2 1 2 2 0 0 2 2 0
4 0 0 0 2 0 2 2 0 0 2 2 0
P Y R A M A T 4 0 0 2 2 2 2 2 2 2 2 2 2
P R Y O L A N 4 0 0 2 2 2 2 2 2 2 2 2 2
B A Y E R  3 9 0 0 7 4 0 0 2 2 2 2 2 2 2 2 2 2
'■'Insecticide t r a d e  n a m e s ;  for  a c t iv e  co m p o u nd  n a m e ,  s e e  te x t .
= No sta in  ( c o m p l e t e  in h ibi t ion) ,  1 = w e a k  s ta in  (l imited inh ib i t ion) ,  2 = n o r m a l  s ta in  (no  
inhib it ion) .
4^
F ol i th io n  (0  , O -dim ethyl-O -  ( 3 - m e t h y l - 4 - n i t r o p h e n y l ) - th io n o -  
p h o s p h a t e ) : A t  c o n c e n t r a t i o n s  a s  high a s  1 0 0 0  ppm ,  F O L I T H I O N
p r o v e d  to b e  ineffective  a s  an in d ica to r  of the m a i z e  e s t e r a s e  
i s o e n z y m e s .  T h i s  com pound might b e  e x p e c t e d  to b e  ineffective  
a g a in s t  the m a i z e  i s o e n z y m e s  in the p r e s e n t  iri v it ro  study s i n c e  
sulfonated o r g a n o p h o s p h a t e s  a r e  s u p p o sed ly  m e tab o l ized  ( m  v i v o ) 
to th e ir  o x y g e n  a n a lo g u e s  b e f o r e  b e c o m in g  potent e s t e r a s e  
inh ib i to rs  ( O ' B r i e n ,  1 9 6 6 ) .
P H O S P H A M I D O N  ( d i m e t h y l - 2 - c h l o r o - 2 - d i e t h y l c a r b a m o y l - l -  
methylvinyl p h o s p h a t e ) : L i k e  F O L I T H I O N ,  P H O S P H A M I D O N
s h o w e d  no inhib itory  c a p a c i t y  t o w a r d s  the e s t e r a s e  i s o e n z y m e s  at 
c o n c e n t r a t i o n s  a s  high a s  1 0 0 0  ppm. L i k e  D D V P  and D I B R O M ,  
th is  com pou nd i s  a  p h o s p h o r ic  ac id  proto type  and not a  th io-  
p h o s p h o r i c  ac id  prototype  like F O L I T H I O N .
T h e  c a r b a m a t e s  u s e d  in the p r e s e n t  study w e r e  S E V I N ,  
P Y R A M A T ,  P Y R O L A N ,  and B A Y E R  3 9 0 0 7 .
S E V I N  ( N - m e t h y l - l - n a p h t h y l  c a r b a m a t e ) : S E V I N  w a s  the
only  c a r b a m a t e ,  of the fo ur  t e s t e d ,  which s h o w e d  a c a p a c i t y  fo r  
inhibiting the m a i z e  e s t e r a s e  i s o e n z y m e s .  A t  a c o n c e n t r a t i o n  of 
2 0 0  ppm S E V I N ,  all i s o e n z y m e s  e x c e p t  1 4 - 1 6 ,  1 8 ,  co m p lex -1  
and 11, 4 2 ,  and 4 3  w e r e  co m p le te ly  inhibi ted.  I s o e n z y m e  18 w a s  
n o t ic eab ly  r e d u c e d  in activity at this  c o n c e n t r a t io n  and w a s  c o m ­
plete ly inhibited at a c o n c e n t r a t io n  of 4 0 0  ppm, while i s o e n z y m e s  
1 4 - 1 6 ,  co m p lex -1  and II,  4 2 ,  and 4 3  r e ta in e d  full ac t iv i ty .
45
M ostafa  M  a I- ( 1 9 6 6 )  r e p o r t e d  that S E V I N  w a s  m e ta b o l iz e d  b y  a 
s p e c i f i c  e s t e r a s e  in co t ton .
P Y R A M A T  ( 2 - N - p r o p y l - 4 - m e t h y l p y r i m i d y l  ( 6  ) dimethyl c a r ­
b a m a t e ) ,  P Y R O L A N  ( l - p h e n y l - 3 - m e t h y l - 5 - p y r a z o l y l d i m e t h y l  c a r ­
b a m a t e )  and B A Y E R  3 9 0 0 7  ( o - i s o p r o p o x y p h e n y lm e t h y l  c a r b a m a t e )  
w e r e  inef fec t ive  a s  inh ib i to rs  of the m a iz e  e s t e r a s e  i s o e n z y m e s  at 
the c o n c e n t r a t i o n s  u s e d  in the p r e s e n t  s tudy.
6 . C la s s i f i c a t io n
E s t e r a s e  c la s s i f i c a t io n  h a s  b e e n  b a s e d  tradit io nally  on s e l e c ­
tive inhibition and s u b s t r a t e  s p e c i f i c i ty .  H o f s t e e  ( I 9 6 0 )  divided the 
e s t e r a s e s  into t h r e e  m a j o r  g r o u p s :  ( a )  e s t e r  h y d r o l a s e s  p r o p e r ,
which  ac t  upon s u b s t r a t e s  in so lut io n,  ( b )  l i p a s e - t y p e  h y d r o l a s e s ,  
w hich  a c t  upon pred o m inan t ly  u n d isso lv e d  s u b s t r a t e s ,  and ( c )  t r u e  
l i p a s e s  w hich  act  upon g l y c e r o l  e s t e r s  (fat  splitting e n z y m e s ) .
A s  w a s  noted in the s e c t i o n  on s u b s t r a t e  sp e c i f i c i ty ,  c e r t a i n  e s t e r s  
having a cy l  g r o u p  c h a in  le n g th s  in e x c e s s  of 1 4 ,  and w h ich  w e r e  
s p a r i n g l y  s o lu b le ,  w e r e  h y d r o ly z e d  upon p r o lo n g e d  incubat io n .
T h i s  might a p p e a r  to p la c e  t h e s e  e s t e r a s e  i s o e n z y m e s  in the 
' l i p a s e - t y p e  h y d r o l a s e '  g r o u p ,  h o w e v e r ,  due to the g r e a t  d e g r e e  
of o v e r la p p in g  s u b s t r a t e  s p e c i f i c i t i e s  of the m a i z e  e s t e r a s e s  and 
the fact  that t h e s e  s a m e  i s o e n z y m e s  act  upon the s h o r t e r  ch a in  
s u b s t r a t e s  at a  m uch f a s t e r  r a t e  m a k e  th is  s o r t  of distinction diffi­
cu l t .  M o r e  p r o b a b l y ,  the e s t e r a s e  i s o e n z y m e s  in v e s t ig a te d  in the
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p r e s e n t  study be lo n g  to the e s t e r  h y d r o l a s e  p r o p e r  g r o u p  
d e s c r i b e d  b y  H o fs t e e  ( I 9 6 0 ) ,  with the r e s e r v a t i o n  that s e v e r a l  
of them h a v e  the added c a p a c i ty  to h y d r o ly z e  l o n g e r  c h a in ed  
s u b s t r a t e s .
T h e  e s t e r  h y d r o l a s e  p r o p e r  g r o u p  i s  f u r t h e r  subdiv ided into 
fo ur  s u b d iv i s io n s .  C h o l i n e s t e r a s e s  r e p r e s e n t  o n e  of the subdiv i ­
s i o n s  of this  g r o u p .  C h o l i n e s t e r a s e s  a r e  dif ferentiated f ro m  the 
o t h e r  e s t e r a s e s  by  th e i r  sens i t iv i ty  t o w a r d s  e s e r i n e .  T h e s e  
e n z y m e s  a r e  inhibited b y  e s e r i n e  at c o n c e n t r a t i o n s  that do not in­
hibit the o t h e r  e s t e r a s e s .  T w o  ty p e s  of c h o l i n e s t e r a s e s  e x i s t :
( a )  t r u e  c h o l i n e s t e r a s e  ( E C  3 . 1 . 1 .  7 ) ( a c e t y l c h o l i n e s t e r a s e  o r  e -  
t y p e ) d e m o n s t r a t e s  a high o r d e r  of s u b s t r a t e  sp e c i f ic i ty  t o w a r d s  
a c e t y lc h o l i n e ,  while  the o t h e r  ty p e ,  ( b )  p s u e d o c h o l i n e s t e r a s e  ( E C  
3 . 1 . 1 . 8  ) ( u n s p e c i f i c  o r  s - t y p e ) ,  in addition to h y d ro ly z in g  a c e t y l ­
c h o l in e ,  h y d r o l y z e s  a  n u m b e r  of ai'‘o m a t ic  and aliphatic e s t e r s  a s  
w e l l .  T h e  two t y p e s  of c h o l i n e s t e r a s e s  c a n  b e  di f ferentiated f ro m  
e a c h  o t h e r  by t h e i r  s u b s t r a t e  s p e c i f i c i t i e s  and b y  s e l e c t i v e  inhibi­
tion b y  a n u m b e r  of c o m p o u n d s  ( H a w k i n s  and G u n t e r ,  1 9 4 6 ;  
H a w k i n s  and M en d el ,  1 9 4 9 ;  K o e l l e ,  1 9 5 0 ;  F u l to n  and M o g e y ,  
1 9 5 4 ) .
T h e  re m a in in g  t h r e e  s u b d iv is io n s  a r e  c o m p o s e d  of the a r y l ­
e s t e r a s e s  ( E C  3 . 1 . 1 . 2 ) ,  c a r b o x y l e s t e r a s e s  ( E C  3 . 1 . 1 . 1 )  and 
the a c e t y l e s t e r a s e s  ( E C  3 . 1 . 1 . 6 ) .  , T h e  a r y l e s t e r a s e s  act  
p r im a r i ly  upon a r o m a t i c  e s t e r  s u b s t r a t e s .  T h e y  a r e  inhibited by
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p C M B  but not b y  o r g a n o p h o s p h a t e s . T h e y  w e r e  or ig ina l ly  d e ­
s c r i b e d  b y  A ld r id g e  ( 1 9 5 3 a , b )  and w e r e  ca l le d  the A - t y p e  
e s t e r a s e s .  T h e  c a r b o x y l e s t e r a s e s  ( a l i e s t e r a s e s ) h a v e  a  very- 
lo w s u b s t r a t e  sp e c i f ic i ty  but a c t  upon a l a r g e  n u m b e r  of aliphatic  
e s t e r s .  T h e y  a r e  inhibited b y  o r g a n o p h o s p h a t e  c o m p o u n d s  and 
w e r e  f i r s t  d e s c r i b e d  b y  A l d r i d g e  ( 1 9 5 3 a , b )  who c a l le d  them B -  
type e s t e r a s e s .  T h e  a c e t y l e s t e r a s e s  ac t  predo m inan t ly  upon 
a r o m a t i c  e s t e r s  but will a l so  h y d r o ly z e  c e r t a i n  o t h e r  e s t e r s  a s  
w e l l .  T h e s e  e s t e r a s e s ,  l ike the a r y l e s t e r a s e s , a r e  not inhibited 
b y  o r g a n o p h o s p h a t e s .  T h e y  a r e  dif ferentiated f ro m  the a r y l ­
e s t e r a s e s  b y  not be ing  inhibited b y  p C M B  . T h e y  w e r e  d e s c r i b e d  
b y  B e r g m a n n  ^  a l .  ( 1 9 5 7 )  who ca l le d  them the C - t y p e  e s t e r a s e s .
C la s s i f i c a t io n  of the m a i z e  e s t e r a s e  i s o e n z y m e s  b a s e d  on  the 
c r i t e r i a  d e s c r i b e d  a b o v e  i s  m o s t  difficult.  I s o e n z y m e  18 b e h a v e d  
m uch like a p s e u d o c h o l i n e s t e r a s e  ( C i m a s o n i ,  1 9 6 6 )  in that it w a s  
inhibited ( r e v e r s i b l y )  b y  f lu o r id e ,  and p h o s p h a te .  It a l s o  h y d r o ­
ly z e d  a  cho l in e  e s t e r  ( P - c a r b o n a p h t h o x y  chol ine  i o d i d e ) .  It w a s  
not,  h o w e v e r ,  inhibited b y  e s e r i n e .  S o m e  a l tera t ion  in the 
activity of this  i s o e n z y m e  did o c c u r  in r e s p o n s e  to e s e r i n e  t r e a t ­
ment a s  w a s  e v i d e n c e d  by  the c h a n g e  in c o l o r  of the s ta in  r e a c ­
tion.  Its  in te n se  sta ining and utilization of n o n - c h o l in e  e s t e r s  and 
the la ck  of conv inc in g  inhibition by  e s e r i n e  tend to r u le  out a 
p s e u d o c h o l i n e s t e r a s e  c l a s s i f i c a t i o n .  - I s o e n z y m e  18 a p p e a r e d  not to 
b e  an a r y l e s t e r a s e  s i n c e  it w a s  not inhibited by  p C M B  .
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D ifferentiat ing  b e t w e e n  the c a r b o x y l e s t e r a s e  and a c e t y l e s t e r a s e  
c l a s s i f i c a t i o n s  with r e s p e c t  to th is  i s o e n z y m e  w a s  im p o s s ib le  s i n c e  
it w a s  inhibited b y  the o r g a n o p h o s p h a t e  D D V P  Vv'hich would m a k e  it 
a c a r b o x y l e s t e r a s e ;  bu t ,  on the o t h e r  h a n d ,  it w a s  not inhibited by  
the  o t h e r  o r g a n o p h o s p h a t e s  which  would m a k e  it an  a c e t y l e s t e r a s e .  
M y e r s  et ( 1 9 5 7 )  te s ted  4 7  di fferent o r g a n o p h o s p h a t e s  and c a r ­
b a m a t e s  in an attempt to lo c a te  a co m po u nd that would inhibit the 
c a r b o x y l e s t e r a s e s  but not the c h o l i n e s t e r a s e s . T h e  s e a r c h  f o r  
s u c h  a  co m p o u nd  w a s  u n s u c c e s s f u l  d u e ,  a s  th ey  put it,  to " the  
fac t  that the g r o u p  of e s t e r a s e s  d e s ig n ate d  a s  a l i e s t e r a s e s  ( f o r m e r  
n a m e  f o r  c a r b o x y l e s t e r a s e s ) include a  wid e  v a r i e t y  of di fferent 
t y p e s  of e s t e r a s e s . "  Dif ferent ia l  inhibition by  m any of the c o m ­
pounds te s t e d  b y  this  g r o u p  of w o r k e r s  w a s  n o te d .  T h e  p r e s e n t  
study te n d s  to s u p p o r t  t h e i r  content ion .
If o n e  d is c o u n t s  the inability of P H O S P H A M I D O N  and 
F O L I T H I O N  to inhibit the m a i z e  e s t e r a s e s ,  i s o e n z y m e s  1 2 ,  3 4 ,  
4 0 ,  4 2 ,  4 3 ,  and the e s t e r a s e s  fall into the c a r b o x y l e s t e r a s e  
c a t e g o r y  in that th ey  w e r e  all inhibited b y  D D V P  and D I B R O M .
It i s  o b v io u s  that the m a i z e  e s t e r a s e  i s o e n z y m e s  did not lend 
t h e m s e l v e s  to c la s s i f i c a t io n  b a s e d  on the s y s t e m s  u s e d  in the p a s t .  
What w a s  o b v i o u s ,  h o w e v e r ,  w a s  the  fact  that m a i z e  co n ta in e d  a 
v e r y  h e t e r o g e n e o u s  and c o m p l e x  g ro u p  of e s t e r a s e  i s o e n z y m e s .
49
7 .  G e n e t i c  C o n tro l
I s o e n z y m e s  6 0  through 8 0  p r e s e n t e d  a unique phenotypic 
multiplicity.  T h e s e  i s o e n z y m e s  w e r e  d e s c r i b e d  in the s e c t io n  d e a l ­
ing with d e s c r i p t i o n s  and o c c u r r e n c e s  of the e s t e r a s e  i s o e n z y m e s  
and will not b e  r e p e a t e d  h e r e .  A s  w a s  noted in that s e c t i o n ,  
p h e n o ty p e s  of th is  n a t u r e  w e r e  d e s c r i b e d  by  H a r r i s  ( 1 9 6 6 ) .  A c ­
c o r d in g  to H a r r i s  ( 1 9 6 6 )  the fo ur  functional p h e n o ty p e s  and the 
s ing le  nonfunct ional,  o r  null,  phenotype w e r e  u n d e r  the c o n tro l  of 
a  s ing le  l o c u s ,  w h ich  he  d e s ig n a te d  a s  the E 4  l o c u s .  A  d i r e c t  
c o r r e l a t i o n  b e t w e e n  the E ^  e s t e r a s e s  and i s o e n z y m e s  6 0  through 
80  of the p r e s e n t  study cannot  b e  d r a w n  due to the fac t  that dif­
f e r e n t  i n b r e d  l in e s  of m a i z e  w e r e  u s e d  in the two s t u d i e s .  In 
both s t u d i e s ,  h o w e v e r ,  t h e s e  i s o e n z y m e s  w e r e  r e s t r i c t e d  to r o o t  
t i s s u e  ( a  c h a r a c t e r i s t i c  not a tt r ibutable  to any o t h e r  i s o e n z y m e s  
found in m a iz e  in the p r e s e n t  s t u d y ) .  F u r t h e r m o r e ,  the m igra t ion  
r a t e s  of t h e s e  i s o e n z y m e s  w e r e  s im i la r  in both s t u d i e s .  T h e  
u n i q u e n e s s  of the p h e n o ty p e s  e x p r e s s e d  by  t h e s e  I s o e n z y m e s ,  
ta k e n  with th e i r  t i s s u e  s p e c i f i c  o c c u r r e n c e  and m igrat ion  r a t e s ,  
s t ro n g ly  indicate  that the E 4  e s t e r a s e s  d e s c r i b e d  b y  H a r r i s  ( 1 9 6 6 )  
a r e  a m o ng  the i s o e n z y m e s  of the p r e s e n t  study d e s c r i b e d  a s  
i s o e n z y m e s  6 0  th rou gh  8 0 .  O n  the b a s i s  of t h e s e  m a n y  s i m i l a r i ­
t i e s ,  the 6 0  th rou gh  80  s e r i e s  of i s o e n z y m e s  w e r e  d e s ig n a te d  a s  
E ^  e s t e r a s e s .  W h e r e a s  H a r r i s  ( 1 9 6 6 )  d e s c r i b e d  h i s  functional 
E 4  e s t e r a s e s  a s  E ^ ^ , E^^^, E ^ ^ ,  and E ^ ^ , the E 4  e s t e r a s e s
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in the p r e s e n t  study w e r e  d e s ig n a te d  a s  through E ^ ® ^ .
In g e n e t ic  c r o s s e s  involving the H a w a i ia n  i n b r e d s  A A 6  and 
A A 8 , both of w hich  conta ined  i s o e n z y m e  70 ( the  E^"^^ p h e n o t y p e ) ,  
s e g r e g a t i o n  to the null,  o r  a b s e n t ,  phenotype w a s  noted in the F~2 
g e n e r a t i o n  and in the b a c k c r o s s  g e n e r a t i o n  involving i n b r e d  A A 8 , 
T a b l e  8  s h o w s  the r e s u l t s  of the c r o s s e s  involving t h e s e  two 
i n b r e d s .  A s  c a n  b e  s e e n  f ro m  the ta b le ,  both i n b r e d s  and th e i r  
h y b r id  co n ta in e d  7 0 .  T h e  F 2  g e n e r a t i o n  s e g r e g a t e d  1 3 : 3  
( p r e s e n c e  : a b s e n c e ) , and the b a c k c r o s s  involving A A 8  s e g r e g a t e d  
3 : 1  ( p r e s e n c e  : a b s e n c e ) fo r  i s o e n z y m e  7 0 .  T h e  b a c k c r o s s  
involving A A 6  did not s e g r e g a t e  but s h o w e d  the p r e s e n c e  of 70 in 
all 2 0 1  ind iv id uals .
S e l e c t i o n s  of null type plants  w e r e  m a d e  f ro m  the F 2  g e n e r ­
ation and f r o m  the b a c k c r o s s  g e n e r a t i o n  involving A A 8 . T h e s e  
plants  w e r e  t r a n s p la n t e d  In the field an d ,  at m a tu r i ty ,  w e r e  se lf  
poll inated.  T h e  p r o g e n y  s e e d  f ro m  t h e s e  se l fed  plants  w e r e  
a n a ly z e d  fo r  the E 4  e s t e r a s e s  and the r e s u l t s  a r e  s h o w n  in T a b l e  
9 . Of the 10 null type s e l l in g s  f ro m  the F 2  population,  7 w e r e  
found to s e g r e g a t e  1 : 3  ( p r e s e n c e :  a b s e n c e )  fo r  70  while  3 b r e d  
t r u e  fo r  the null p h e n o t y p e . A l l  of the null type s e l l in g s  f ro m  the 
b a c k c r o s s  g e n e r a t i o n  involving A A 8  s e g r e g a t e d  1 : 3  ( p r e s e n c e :  
a b s e n c e )  f o r  the 70  p h e n o ty p e .
A n  e p is ta t ic  model could b e  u s e d  to expla in  t h e s e  r e s u l t s .  
F i g u r e  4  i l lu s t r a t e s  s u c h  an e p is ta t ic  model in w hich  A A 6  w a s
T a b l e  8 . O b s e r v e d  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and A A 8  ( H a w . )
P h e n o t y p e s
C r o s s  70 Null T o t a l  R a t io  E x p e c t e d
A A 8  X A A 8 2 0 0 0 2 0 0
A A 6  X A A 6 2 0 0 0 2 0 0
A A 8 , X A A 6 50 0 50
( A A 8  X A A 6 ) X ( A A 8  X A A 6 ) 3 1 8 85 4 0 3 1 3 : 3 3 2 6 : 7 7 1 . 1 4 0 . 2 4 5
( A A 8  X A A 6 ) X A A 8 1 9 6 6 6 2 6 2 3 : 1 1 9 6 . 5 : 6 5 . 5 0 . 0 0 5 0 . 9




T a b l e  9 .  O b s e r v e d  E 4  E s t e r a s e  R a t i o s  D e r i v e d  f ro m  S e l f in g  
Null T y p e  P l a n t s  S e l e c t e d  from  the F 2  P o p u la t io n  ( T o p ) ,  
and the B a c k c r o s s  ( A A 8  x  A A 6 ) x  A A 8  ( B o t t o m )  of 
G e n e t i c  C r o s s e s  Involving I n b r e d s  A A 6  ( H a w . )  
and A A 8  ( H a w  . )
P h e n o t y p e
X 2P l a n t 70 Null T o ta l Rat io E x p e c t e d P
1 0 4 0 4 0 0 : 1 0 : 4 0 0 1 . 0
2 1 2 28 4 0 1 : 3 1 0 : 3 0 0 . 5 3 0 . 4 9
3 13 2 7 4 0 1 :3 1 0 : 3 0 1 . 2 0 0 . 2 6
4 0 4 0 4 0 0 : 1 0 : 4 0 0 1 . 0
5 0 4 0 4 0 0 : 1 0 : 4 0 0 1 . 0
6 9 31 4 0 1 : 3 1 0 : 3 0 0 . 1 3 0 . 7 3
7 1 0 30 4 0 1 : 3 1 0 : 3 0 0 1 . 0
8 1 2 28 4 0 1 : 3 1 0 : 3 0 0 . 5 3 0 . 4 9
9 8 32 4 0 1 :3 1 0 : 3 0 0 . 5 3 0 . 4 9
1 0 14 26 4 0 1 : 3 1 0 : 3 0 2 . 1 3 0 . 1 3
P h e n o t y p e
P l a n t 70 Null Tota l Rat io E x p e c t e d X 2 P
1 1 0 30 4 0 1 3 1 0 : 3 0 0 1 . 0
2 13 27 40 1 3 1 0 : 3 0 1 . 2 0 0 . 2 6
3 9 31 40 1 3 1 0 : 3 0 0 . 1 3 0 . 7 3
4 6 34 4 0 1 3 1 0 : 3 0 2 . 1 3 0 . 1 3
5 1 0 30 4 0 1 3 1 0 : 3 0 0 1 . 0
6 1 1 29 4 0 1 3 1 0 : 3 0 0 . 1 3 0 . 7 3
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A  B A  b a B a  b
A  B A A B B A A B b A a B B A a B b
A  b A A B b AAbb^i' A a B b A a b b *
a  B A a B B A a B b a a B B a a B b
a b A a B b A a b b * a a B b aab b
^'Null ty p es
A  B
B a c k c r o s s  g e n e r a t i o n  involving A A B B
A B  A b  a B  a b
A A B B A A B b A a B B A a B b
a  b
g e n e r a t i o n  involving a a b b  
A  B  A  b
B a c k c r o s s
'Null type
a B a b
A a B b A a b b * a a B b a a b b
F i g .  4 .  T w o  G e n e  E p is t a t i c  Model I l lustrat ing a 1 3 : 3  ( P r e s e n c e :  
A b s e n c e )  R a t io  in the F"2 G e n e r a t i o n  and a  3 : 1  ( P r e s e n c e :  
A b s e n c e )  R a t io  in O n e  of the B a c k c r o s s  G e n e r a t i o n s  W h e r e  
the G e n o ty p e  A _ b b  R e p r e s e n t s  the Null P h e n o t y p e .
a s s i g n e d  the A A B B  genotype  and A A 8  w a s  a s s i g n e d  the aabb  
g e n o t y p e .  T h e  F 2  g e n e r a t i o n  would s e g r e g a t e  9 A _ B _ : 3  A _ b b : 3  
a a B _ : l  a a b b .  In o r d e r  to expla in  the a b s e n c e  of 70  in 3/ 16  of 
the F 2  g e n e r a t i o n ,  e i t h e r  A _ b b  o r  a a B _  would h a v e  to be  
a s s i g n e d  the null p heno ty pe .  If the null phenotype is  a s s i g n e d  a s  
an e x p r e s s i o n  of the A _ b b  g e n o t y p e ,  it c a n  b e  s e e n  f ro m  F i g u r e  
4  that the null g e n o t y p e s  e x is t  in two f o r m s  ( A a b b  and A A b b ) .
Of the t h r e e  null type plants in the F 2  g e n e r a t i o n  2 e x is t  a s  A a b b  
while  the r e m a in in g  o n e  e x i s t s  a s  A A b b . T h e  null type plants 
o c c u r r i n g  in the b a c k c r o s s  g e n e r a t i o n  involving in b re d  A A 8  would 
all be  of the A a b b  g e n o t y p e .  It would follow that upon se ll ing of 
t h e s e  null p la n ts ,  2/3  of the null s e l e c t i o n s  f ro m  the F 2 , th o se  
having the A a b b  g e n o t y p e ,  would s e g r e g a t e  1 : 3  ( p r e s e n c e ;  
a b s e n c e )  while  the r e m a in in g  1/3 from  that g e n e r a t i o n ,  th o s e  
having the A A b b  g e n o t y p e ,  would b r e e d  t r u e  fo r  the null p h e n o ­
ty p e .  All  of the null type s e l e c t i o n s  f ro m  the b a c k c r o s s  g e n e r a ­
tion involving A A 8  ( A a b b )  would s e g r e g a t e  1 : 3  ( p r e s e n c e :  
a b s e n c e )  upon se l f in g .  A s  w a s  s h o w n  in T a b l e  9 ,  7 / 1 0 ,  o r  
ro u g h ly  2 / 3 ,  of the s e l e c t i o n s  f ro m  the F 2  g e n e r a t i o n  did s e g r e ­
g a te  1 : 3  ( p r e s e n c e : a b s e n c e ) fo r  70 while  3 / 1 0 ,  o r  ro u g h ly  1 / 3 ,  
did b r e e d  t r u e  fo r  the null p h e n o ty p e .  A s  i s  p r e d ic t e d  by  the
m o d e l ,  all of the null type s e l e c t i o n s  f ro m  the b a c k c r o s s  g e n e r a ­
tion involving in b re d  A A 8  s e g r e g a t e d  1 : 3  ( p r e s e n c e  : a b s e n c e  ) .
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F o l lo w i n g  the ep is ta t ic  m o d e l ,  o n e  would e x p e c t  that an 
i n b r e d  l ine of m a i z e  that co m p le te ly  l a c k e d  an E 4  phenotype would 
conta in  the A A b b  g e n o t y p e .  I n b r e d  C 4 2  la c k e d  an E 4  i s o e n z y m e .  
T h i s  null type w a s  u s e d  in c r o s s e s  involving i n b r e d s  A A 8  and 
A A 6  . T h e  data  f r o m  the s e r i e s  of c r o s s e s  involving A A 6  and 
C 4 2  a r e  p r e s e n t e d  in T a b l e  1 0 .  T h e  Fj^ h y b r id  s h o w e d  the 
p r e s e n c e  of 70  while  the ¥^ 2 s e g r e g a t e d  3 : 1  ( p r e s e n c e : a b s e n c e ) . 
T h e  b a c k c r o s s  involving C 4 2  s e g r e g a t e d  1 : 1  ( p r e s e n c e : a b s e n c e ) 
while  the o t h e r  b a c k c r o s s  s h o w e d  only i s o e n z y m e  7 0 .  T h e s e  
r a t i o s  a r e  in a c c o r d  with the ep is ta t ic  model postula ted f ro m  the 
s e r i e s  of c r o s s e s  involving A A 8  and A A 6 .
T a b l e  11 s h o w s  the r e s u l t s  f ro m  the c r o s s e s  involving 
i n b r e d s  A A 8  and C 4 2 .  T h e  Fj^ h y b r i d s  co n ta in e d  70  while  the 
F 2  s e g r e g a t e d  3 : 1  ( p r e s e n c e  : a b s e n c e ) . T h e  b a c k c r o s s  involving 
A A 8  did not s e g r e g a t e  but s h o w e d  70 in all c a s e s  while  the b a c k -  
c r o s s  involving C 4 2  s e g r e g a t e d  1 : 1  ( p r e s e n c e  : a b s e n c e ) . In this  
s e r i e s  of c r o s s e s ,  t h e r e  i s  a  d r a s t i c  d e p a r t u r e  f ro m  the r a t i o s  
e x p e c t e d  f ro m  the ep is ta t ic  m o d e l .  A c c o r d i n g  to the e p is ta t ic  
m o d e l ,  C 4 2  should  conta in  the A A b b  g en otyp e  r e s u l t in g  in the null 
ph e n o ty p e .  T h e  F^  ^ h y b r id  involving A A 8  ( a a b b ) should  s h o w  the 
null phenotype  ( A a b b ) .  A s  c a n  be  s e e n  f ro m  T a b l e  1 1 ,  the Fj^ 
h y b r id  co n ta in e d  i s o e n z y m e  7 0 .  A c c o r d i n g  to the ep is ta t ic  m o d e l ,  
the F 2  g e n e r a t i o n  would s e g r e g a t e  1 : 3  ( p r e s e n c e : a b s e n c e ) , but 
in fact  did not.  It s e g r e g a t e d  3 : 1  ( p r e s e n c e  : a b s e n c e ) . T h e
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T a b l e  1 0 .  O b s e r v e d  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and C 4 2  ( M i n n . )
P h e n o t y p e
C r o s s  70  Null T o t a l  R a t io  E x p e c t e d  X
A A 6  X A A 6 2 0 0 0 2 0 0
C 4 2  X C 4 2 0 80 80
A A 6  X C 4 2 4 0 0 4 0
( A A 6  X C 4 2 )  X ( A A 6  x  C 4 2 ) 1 1 0 30 1 4 0 3 : 1 1 0 5 : 3 5 0 . 9 5 0 . 2 7
( A A 6  X C 4 2 )  X A A 6 80 0 80
( A A 6  X C 4 2 )  X C 4 2 63 57 1 2 0 1 : 1 6 0 : 6 0 0 . 3 0 0 . 6 0
cn
- 0
T a b l e  1 1 .  O b s e r v e d  E 4  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 8  ( H a w . )  and C 4 2  ( M i n n . )
C r o s s
P h e n o t y p e  
70 Null T ota l R at io E x p e c t e d P
A A 8  X A A 8 2 0 0 0 2 0 0
C 4 2  X C 4 2 0 80 80
A A 8  X C 4 2 2 0 0 2 0
( A A 8  X C 4 2 )  X ( A A 8  x  C 4 2 ) 161 59 2 2 0 3 : 1 1 6 5 : 5 5 0 . 3 8 0 . 5 8
( A A 8  X C 4 2 )  X A A 8 80 0 80
( A A 8  X C 4 2 )  X C 4 2 38 4 2 80 1 : 1 4 0 : 4 0 0 . 2 0 0 . 6 7
Oi
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b a c k c r o s s  g e n e r a t io n  involving in b re d  A A 8  should  h a v e  s e g r e g a t e d  
1 : 1  ( p r e s e n c e : a b s e n c e ) , but in fact  s h o w e d  only  the p r e s e n c e  of 
70  in all indiv id uals .  T h e  b a c k c r o s s  involving C 4 2  should h a v e  
b r e d  t r u e  f o r  the null p h e n o ty p e ,  but in fact  s e g r e g a t e d  1 : 1  
( p r e s e n c e : a b s e n c e ) .
It w a s  o b v i o u s  f ro m  this  s e r i e s  of c r o s s e s  that the epis ta t ic  
m o d e l ,  a s  o r ig in a l ly  postu la ted ,  could not expla in  the o b s e r v e d  
r e s u l t s .
In a  c l a s s i c  s e r i e s  of s t u d i e s ,  S c h w a r t z  ( I 9 6 0 ,  1 9 6 2 a , b ,  
1 9 6 4 a , b , c ,  d , e ,  1 9 6 5 ,  1 9 6 7 )  d e s c r i b e d  the e s t e r a s e s  of m a i z e .  
T h e  E ^  e s t e r a s e s  of m a iz e  involve  s e v e n  al le lic  i s o e n z y m e s  d if fer ­
ing in m igrat ion  r a t e s .  T h e  t h r e e  m ost  th orou gh ly  studied Ej^
e s t e r a s e s  (E^^^,  and E j ^ ^ )  w e r e  am ong the f i r s t  i s o e n z y m e s
d e s c r i b e d  a s  form ing  h y b r id  e n z y m e s  ( S c h w a r t z ,  I 9 6 0 ) .  H y b r i d s  
b e t w e e n  any two i n b r e d s  contain ing different E ^  a l l e l e s  s h o w e d  
both p a re n ta l  i s o e n z y m e s  and a third hy b r id  i s o e n z y m e  in term ed ia te  
in mobility .  T h e  Ej^ e s t e r a s e s  e x is te d  a s  d i m e r s .  A n  in b re d  line 
of m a iz e  s h o w e d  a s ing le  Ej^ e s t e r a s e  i s o e n z y m e  m a d e  up of 
p a re n ta l  subunits  ( a u t o d i m e r )  while  a h y b r id  involving two different 
Ej^ a l l e l e s  s h o w e d ,  in addition to the two p a re n ta l  a u t o d i m e r s ,  a 
th ird a l lo d im e r ,  o r  h y b r id  i s o e n z y m e .  Mutants of the Ej^ g e n e  that 
af fected the re gu la t ion  of e n z y m e  product ion  w e r e  d e s c r i b e d  by  
S c h w a r t z  ( 1 9 6 2 b ) .  T h e  ' a l le le s '  E j^ ^ and Ej|^  ^ sp e c i f ie d  e s t e r ­
a s e  i s o e n z y m e s  ( F F  and S S  p h e n o ty p e s )  having the s a m e  mobility
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T—p ^
a s  th o s e  sp e c i f ie d  b y  the 'a l le le s '  and E j ^ ^ .  In developing
e n d o s p e r m ,  h o w e v e r ,  the ' a l le l e s '  E j^^ and E j^ ^ '  c a u s e d  a  p r e ­
m a t u r e  c e s s a t i o n  of e n z y m e  p ro d u ct io n .  In developing e n d o s p e r m
1
of l in e s  h o m o z y g o u s  for  the ' a l l e l e ' ,  the F F  phenotype w a s
p r o d u c e d  up until 16 d a y s  following pollination.  A t  this s t a g e  of 
dev elo pm ent  t h e r e  a p p e a r e d  to b e  an a b ru p t  c e s s a t i o n  of e n z y m e  
produ ct ion  and the F F  phenotype d i s a p p e a r e d  ( S c h w a r t z ,  1 9 6 2 b ) .  
Individuals  h o m o z y g o u s  fo r  the 'a l le le '  s h o w e d  no su ch  c e s ­
sa t ion  of the F F  p h e n o ty p e .  S c h w a r t z  ( 1 9 6 2 b )  postu la ted the 
e x i s t e n c e  of two ty p e s  of a l l e l e s  speci fy ing  the Ej^ e s t e r a s e s .  T h e  
'a l le le '  E ^  , w hich  c a u s e d  p r e m a t u r e  c e s s a t i o n  of e n z y m e  p r o ­
duct ion ,  w a s  t e r m e d  a  'p r im e  alle le '  while  th o s e  'a l l e l e s '  not 
c a u s in g  a  p r e m a t u r e  c e s s a t i o n  of e n z y m e  product ion  w e r e  t e r m e d  
' s t a n d a r d  a l l e l e s ' .
F '  . NH e t e r o z y g o t e s  b e t w e e n  the E^  ^ 'p r im e  alle le '  and the Ej^
's t a n d a r d  alle le '  s h o w e d  the  two pare n ta l  i s o e n z y m e s  ( F F  and 
N N )  and the th ird ( F N )  h y b r id  i s o e n z y m e  in develo ping e n d o ­
s p e r m  up until the 16th day following pollination.  A t  s t a g e s  of 
developm ent  b e y o n d  th i s ,  h o w e v e r ,  only  the NN phenotype  p e r ­
s i s t e d  indicat ing that c e s s a t i o n  of e n z y m e  produ ct ion  s p e c i f ie d  b y  
the 'p r im e  allele '  had  ta k e n  p l a c e .  S c h w a r t z  ( 1 9 6 2 b )  th e o r iz e d  
that 'p r i m e  alle le '  contain ing i n b r e d s  m a y  contain  functional Ej^ 
a l l e le s  a s s o c i a t e d  with s o m e  r e g u l a t o r y  f a c t o r ,  which  in the c a s e  
of 'p r im e  a l le le s '  could in t e r a c t  in s o m e  m a n n e r  to c a u s e  c e s s a t i o n
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of e n z y m e  p ro d u ct io n .  T h e  ' s t a n d a r d  alle le '  contain ing i n b r e d s  
a l so  co n ta in e d  the s a m e  functional a l le le ,  but co n ta in e d  a n o n ­
in te ra c t in g  r e g u l a t o r y  f a c t o r .  H e  r e p r e s e n t e d  the 'p r im e  allele '  a s  
R m E ^ F  and the ' s t a n d a r d  allele '  a s  R E j ^ ^ .  R*^ r e g u l a t o r y  f a c t o r  
could  in t e r a c t  with the Ej^ functional al le le  to c a u s e  c e s s a t i o n  of 
e n z y m e  p ro d u ct ion  while R  r e g u l a t o r y  f a c t o r  could not in t e r a c t  with 
the Ej^ functional a lle le  to c a u s e  c e s s a t i o n  of e n z y m e  p ro d u ct io n .
In an attempt to d e te rm in e  l inkage  b e t w e e n  the  R  f a c t o r  and 
the Ej^ a l l e le ,  S c h w a r t z  ( 1 9 6 2 b )  r a n  e x p e r i m e n t s  d e s ig n e d  to 
d e tect  r e c o m b i n a t i o n  b e t w e e n  the R  and Ej^ p o r t io n s  of the ' a l l e l e s ' . 
R e c o m b i n a n t s  w e r e  not found in the 2 5 7 3  individuals that would 
h a v e  s h o w n  r e c o m b in a t io n  c l a s s e s .  L i n k a g e  b e t w e e n  the r e g u l a ­
t o r y  f a c t o r  ( R )  and the ' s t r u c t u r a l '  a l le le  E ^ ^  w a s  t h e r e f o r e  
c l o s e .
A s  w a s  s h o w n  in the p r e s e n t  s tudy,  the e p is ta t ic  model 
i l lu s tra te d  in F i g u r e  9 can n o t  expla in  the data  p r e s e n t e d .  A  
modification of the m o d e l ,  following the e x a m p le  s e t  b y  S c h w a r t z  
( 1 9 6 2 b )  involving 'p r im e  a l le le s '  and ' s t a n d a r d  a l le le s '  c a n  b e  u s e d
to expla in  the r e s u l t s .  W h e r e a s  S c h w a r t z  ( 1 9 6 2 b )  d e s ig n ate d  h is
n 70'p r im e  a lle le '  a s  R  Ej^ , the 'p r im e  al le le '  fo r  the E ^  in the
70p r e s e n t  study w?as d e s ig n ate d  a s  O e ^ E ^  . T h e  O e ^  portion of 
the  ' p r i m s  alle le '  in the p r e s e n t  study is  a n a lo g o u s  to the R*^ 
d es ignat ion  of S c h w a r t z  ( 1 9 6 2 b )  and r e p r e s e n t s  the r e g u l a t o r y  
portion of the E ^  l o c u s . It m u st  b e  s t r e s s e d  that the O e ^
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designat ion  in no w a y  im plies  that a d i s c r e t e  ' o p e r a t o r - t y p e '  c i s t r o n  
i s  involved in the re g u la t ion  of a d i s c r e t e  ' s t r u c t u r a l  g e n e ' .  A s  in 
the c a s e  with the e s t e r a s e s  studied b y  S c h w a r t z  ( 1 9 6 2 b )  r e ­
co m binat io n  b e t w e e n  the r e g u l a t o r y  f a c t o r  and the functional al le le  
w a s  not noted.  F u r t h e r m o r e ,  the O e ^  d es ig nat ion  d o e s  not imply 
that the 'p r im e '  and ' s ta n d a r d '  a l l e le s  r e p r e s e n t  o p e r o n s  a s  defined 
by  J a c o b  and Monod ( 1 9 6 1 ) .  T h e  ' s t a n d a r d  alle le '  for  the E^^® 
l o c u s  w a s  d e s ig n a te d  a s  Oe^'^E^'^®.
T h e  ' r e p r e s s i b l e '  n a t u r e  of the 'p r im e  alle le '  w h ich  r e s u l t e d  in 
c e s s a t i o n  of e n z y m e  product ion  a s  o b s e r v e d  b y  S c h w a r t z  ( 1 9 6 2 b ) ,  
im plies  in t e r a c t io n  b e t w e e n  the r e g u l a t o r y  portion of the 'p r im e  
allele '  and s o m e  o t h e r  f a c t o r .  T h e  r a t i o s  o b s e r v e d  in s e g r e g a t i n g  
populations in the p r e s e n t  study indicated that this  in tera c t in g  f a c t o r  
s e g r e g a t e d  ind epend ent ly .  A  s e c o n d  and independently  s e g r e g a t i n g  
l o c u s  w a s  postu la ted and d e s ig n ate d  a s  the R e ^  l o c u s .  T w o  
a l l e le s  fo r  this  l o c u s  w e r e  postu la ted .  A l l e le  R e ^  w a s  postula ted 
a s  r e p r e s e n t i n g  a functional a lle le  w h ic h ,  in s o m e  w a y ,  in t e r a c t e d  
with 'p r i m e  a l le le s '  to c a u s e  c e s s a t i o n  of e n z y m e  p ro d u c t io n .  T h e  
a l t e r n a t e  a l l e le ,  R e ^ ° ,  r e p r e s e n t e d  a  nonfunctional a l le le  which  
w a s  in c a p a b le  of in tera c t in g  with 'p r im e  a l le le s '  to c a u s e  c e s s a t i o n  
of e n z y m e  p ro d u c t io n .
I n b r e d  A A 8  w a s  a s s i g n e d  R e ^ ^ / R e ^ ® ,  O e ^ E ^ ^ O / O e ^ E ^ ^ O   ^
T h i s  g e n o t y p e ,  i r r e s p e c t i v e  of the p r e s e n c e  of the 'p r im e  a l l e le ' ,  
w a s  c a p a b l e  of p ro d u c in g  the 70 phenotype due to the h o m o z y g o s i ty
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of the nonfunct ional,  independently  s e g r e g a t i n g ,  r e g u l a t o r y  f a c t o r  
( R e ^ ° ) .  I n b r e d  A A 6  w a s  a s s i g n e d  R e ^ / R e ^ ,
O e ^ ^ E ^ ^ ® . T h i s  i n b r e d  w a s  c a p a b l e  of pro d u cin g  the 70  p h e n o ­
type due to the p r e s e n c e  of the ' s ta n d a r d  a l l e l e ' .  T h e  F h y b r i d  
b e t w e e n  A A 6  and A A 8 , R e 4 / R e 4 ° ,  O e 4 '^E4 '^^/Oe4 E 4 '^®, a l so  
p r o d u c e d  the 70 phenotype  due to the p r e s e n c e  of the ' s t a n d a r d  
alle le '  c o n tr ib u te d  b y  A A 6 . T h e  ¥^ 2 population involving i n b r e d s  
A A 6  and A A 8 , w hich  s e g r e g a t e d  1 3 : 3  ( p r e s e n c e : a b s e n c e )
( T a b l e  8 ) ,  i s  i l lu s tra ted  following the p r e s e n t  model in F i g u r e  5 .  
T h e  two b a c k c r o s s  g e n e r a t i o n s  f ro m  this s e r i e s  of c r o s s e s  a r e  
i l lu s tra te d  in F i g u r e  6 . B o th  f i g u r e s  s h o w  e x p e c t e d  r a t i o s  that 
co m p le te ly  a g r e e  with the o b s e r v e d  d ata .  It c a n  b e  s e e n  that the 
¥^2 g e n e r a t i o n ,  following the rniodel, would b e  e x p e c t e d  to s e g r e ­
g a te  1 3 : 3  ( p r e s e n c e : a b s e n c e ) ( F i g u r e  5 ) .  T h e  b a c k c r o s s  
involving A A 8 , a c c o r d i n g  to the m odel ,  would b e  e x p e c t e d  to 
s e g r e g a t e  3 : 1  ( p r e s e n c e  : a b s e n c e  ) ,  while  the o t h e r  b a c k c r o s s  
would b e  e x p e c t e d  to s h o w  only  the 70 phenotype  ( F i g u r e  6 ) .
F i g u r e  5 i l lu s t r a t e s  that the null type individuals f r o m  the ¥^ 2 
population a r e  e x p r e s s e d  by  two g e n o t y p e s .  T w o - t h i r d s  of t h e s e  
null t y p e s  a r e  h e t e r o z y g o u s  at the R e ^  l o c u s  while  1/3 of the null 
type g e n o t y p e s  a r e  h o m o z y g o u s  fo r  R o 4 , o r  the functional a l l e le .  
All  of the  null ty p e s  a r e  n e c e s s a r i l y  h o m o z y g o u s  fo r  the 'p r im e  
a l le le ' .  It would follow that 2/3 of the null type plants s e l e c t e d  
f ro m  the F 2  g e n e r a t i o n  would,  upon se l f ing ,  s e g r e g a t e  1 : 3
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F i g .  5 .  R e g u l a t o r y  G e n e t i c  Model C o n tro l l in g  the E 4  E s t e r a s e s  and I l lustra t ing  the F 2  
G e n e r a t i o n  Involving I n b r e d s  A A 6  ( H a w . )  and A A 8  ( H a w . ) *
*Phenotypic and genotypic designations are  shown in each squ are . S e e  text for inbred
designations.
cr>
R c 4 0 6 4 , ^ 4 ^ ° R e 4 O e 4 C E 470 R e 4 °  0 6 4  ^ 4 '^ ° R e 4 °  O e 4 ° E 470
R e 4 0 6 4  ^ 4 ^ ° R e 4
70
0 0 4  E 4 R e 4 °  0 6 4  ^ 4 *^°
0  _  c ^  70 
R e 4  0 6 4  E ^
R e 4 °  O e 4 R e 4 ° 0 6 4  ^ 4 ^ °  
N U L L
R e 4 ‘^ 0 6 4  ^ 4 ^ °  
E 4 7 O
R e 4 °  0 6 4  
E 4 7 O
R e 4 °  0 6 4  ^4^^ 
E 4 7 O
P ®4 O 6 4  E 4 '^ ^ R e 4 O e 4 ^ E 4 ' ^ ° R e 4 °  0 6 4  ^ 4 '^ ° R e 4 °  O e 4 ^ E 4 ' ^ °
R e 4 0 6 4  ^ 4 ^ R e 4 0 6 4 " ^ E 4 '^ ° R e 4 °  0 6 4  ^ 4 ^^ ° R c 4 °  0 6 4 ^ E 4 ' ^ °
R e 4 O e 4 ° E 4'^0 R e 4 O e 4 ° E 4 ' ^ °
P  70 
^ 4
R e 4 O e 4 '^ E 4 7 Q 
F  70
E 4
R e 4  O e 4 ° E 4 ^ °
p  70 
^ 4
R e 4  O e 4 ° E 4 ' ^ °
p  70 E 4
F i g ,  6 . R e g u l a t o r y  G e n e t i c  Model C o n tro l l in g  the E 4  E s t e r a s e s  and I l lustrat ing  the  B a c k c r o s s  
G e n e r a t i o n s  Involving I n b r e d s  A A 8  ( H a w . )  ( T o p )  and A A 6  ( H a w . )  (B o t to m ) ' I '
^ P h e n o ty p ic  and g en oty pic  d e s ig n a t io n s  a r e  s h o w n  in e a c h  s q u a r e .  S e e  text  f o r  i n b r e d  
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F i g .  7 .  R e g u l a t o r y  G e n e t i c  Model C o ntro l l ing  the E 4  E s t e r a s e s  
and I l lustrat ing the S e g r e g a t i o n s  of S e l f e d  Null T y p e  P l a n t s  
D e r i v e d  f ro m  the F 2  P o p u la t io n  ( T o p  and B o t t o m )  and the 
B a c k c r o s s  P o p u la t io n  ( T o p )  Involving I n b r e d s  A A 6  ( H a w . )  
and A A 8  ( H a w . ) . *
*Phenotypic and genotypic designations a re  shown in each squ are .
S e e  text for inbred designations.
( p r e s e n c e : a b s e n c e ) ( F i g u r e  7 ,  t o p ) ,  while  1/3 of t h e s e  s e l e c t i o n s  
would b r e e d  t r u e  upon self ing fo r  the null phenotype  ( F i g u r e  7 , 
b o t t o m ) .  F u r t h e r m o r e ,  all of the null type s e l e c t i o n s  f r o m  the 
b a c k c r o s s  g e n e r a t i o n  involving A A 8  ( F i g u r e  6 ) ,  b e in g  h e t e r o ­
z y g o u s  fo r  the R e ^  l o c u s ,  would be  e x p e c t e d  to s e g r e g a t e  1 : 3  
( p r e s e n c e : a b s e n c e ) ( F i g u r e  7 ,  t o p ) .  A s  c a n  b e  s e e n  f ro m  
T a b l e  9 ,  t h e s e  a r e ,  in fa c t ,  the r a t i o s  p r o d u c e d  b y  the null type 
s e l e c t i o n s  f ro m  t h e s e  s e g r e g a t i n g  g e n e r a t i o n s .
It w a s  noted a b o v e  that i n b r e d  C 4 2  e x p r e s s e d  the null p h e n o ­
type fo r  the e s t e r a s e s .  A c c o r d i n g  to the p r e s e n t  m o d e l ,  a 
null phenotype i s  the e x p r e s s i o n  of a 'p r im e  alle le '  in t e r a c t in g  with 
a  functional R e ^  a l le le .  O n e  might postu la te ,  t h e r e f o r e ,  that C 4 2  
would co nta in  the R e ^ / R e ^ ,  O e ^ E ^ ^ / O e ^ E ^ ^  g e n o ty p e ,  w h e r e  N 
r e p r e s e n t s  s o m e  E ^  v a r ia n t  ( 6 0  through 8 0 ) .  If this  w e r e  the 
c a s e ,  hybr id iza t io n  of C 4 2  and 'p r im e  al le le '  contain ing A A 8  would 
r e s u l t  in a null p h e n o ty p e .  A s  w a s  s h o w n  in T a b l e  1 1 ,  this w a s  
not the c a s e .  T h e  F-j  ^ h y b r id  d e m o n s t r a te d  the 70 p heno ty pe .
T h i s  led to the postulating of a null E ^  a l le le  ( .  H a r r i s  
( 1 9 6 6 ) ,  in h is  study of the E ^  e s t e r a s e s ,  had a ls o  postula ted the 
e x i s t e n c e  of a a l l e le .  T h e  postulating of a  null E ^  alle le
r e s u l t s  in f ive p o s s i b l e  null type g e n o t y p e s  ( F i g u r e  8 ) .  G e n o t y p e s  
( f )  through ( 3 )  could b e  eliminated a s  p o s s i b l e  C 4 2  g e n o t y p e s  due 
to the fact  that th ey  all contain  functional R e ^  a l l e le s  and the 'p r im e  
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F i g .  8 . T h e  F i v e  P o s s i b l e  Null G e n o t y p e s  
f ro m  the R e g u l a t o r y  G e n e t i c  Model C o n ­
troll ing the E ^  E s t e r a s e s .
with t h e s e  t h r e e  g e n o t y p e s .  It w a s  postulated that C 4 2  co nta ined  
e i t h e r  g en otyp e  ( 4 )  o r  ( 5 )  of F i g u r e  8 . B o th  of t h e s e  g e n o t y p e s  
would r e s u l t  in the.  70 phenotype w h e n  h y b r id iz e d  with A A 8 . A s  
w a s  s h o w n  in T a b l e  1 1 ,  the F 2  g e n e r a t io n  involving C 4 2  and A A 8  
s e g r e g a t e d  3 : 1  ( p r e s e n c e  : a b s e n c e ) for  the 70 p h e n o ty p e .  T h e  
b a c k c r o s s  involving C 4 2  in this  s e r i e s  of c r o s s e s  s e g r e g a t e d  1 : 1  
( p r e s e n c e : a b s e n c e ) while  the b a c k c r o s s  involving A A 8  s h o w e d  
only  the 70 p h e n o t y p e .
F i g u r e  9 i l lu s t r a t e s  the F 2  g e n e r a t io n  involving A A 8  and the 
two p o s s i b l e  C 4 2  g e n o t y p e s  ( 4 ,  5 ) .  T h e  top b lo c k  in the f ig u re  
r e p r e s e n t s  the F 2  g e n e r a t io n  w h e n  C 4 2  co n ta in s  gen oty p e  ( 4 )  , o r  
a null 'p r im e  a l l e l e ' .  T h e  e x p e c t e d  s e g r e g a t i o n  would b e  3 : 1  
( p r e s e n c e  : a b s e n c e ) . T h e  b a c k c r o s s  involving A A 8  would b e  
r e p r e s e n t e d  b y  the top r o w  of the u p p e r  b lo c k  in the f ig u re  while  
the b a c k c r o s s  involving C 4 2  would b e  r e p r e s e n t e d  b y  the bottom 
r o w  in the u p p e r  b lo c k  of the f ig u r e .  It c a n  b e  s e e n  that the 
e x p e c t e d  r a t i o s  a g r e e  with the o b s e r v e d  r a t i o s  ( T a b l e  1 1 ) .
T h e  l o w e r  b lo c k  of F i g u r e  9 r e p r e s e n t s  the F 2  g e n e r a t i o n  
f ro m  the s a m e  c r o s s .  In this i n s t a n c e ,  C 4 2  co n ta in e d  genotype  
( 5 )  of F i g u r e  1 3 ,  o r  the null ' s ta n d a r d  a l l e le ' .  T h e  f ig u re  s h o w s
that the s a m e  r a t i o s  in all g e n e r a t i o n s  noted for  in the u p p e r  b lo c k
p e r s i s t  in the l o w e r  b lo c k  a s  w e l l .
F i g u r e s  10 and 11 r e p r e s e n t  the F 2  g e n e r a t i o n s  f ro m  c r o s s ­
e s  involving A A 6  and C 4 2 . F i g u r e  10 s h o w s  the r a t i o s  e x p e c t e d
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F i g .  9 .  R e g u l a t o r y  G e n e t i c  Model C o ntro l l ing  the E 4  E s t e r a s e s  
and I l lustrat ing the S e g r e g a t i n g  G e n e r a t i o n s  f ro m  C r o s s e s  
Involving I n b r e d s  A A 8  ( H a w . )  and C 4 2  ( M i n n . ) . *
*Phenotypic and genotypic designations a re  shown in each square .
S e e  text for inbred designations.
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F i g .  1 0 .  R e g u l a t o r y  G e n e t i c  Model C o n tro l l in g  the E/ E s t e r a s e s  and I l lustrat ing  S e g r e g a t i n g  
G e n e r a t i o n s  f ro m  C r o s s e s  Involving I n b r e d s  A A 6  ( H a w . )  and C 4 2  ( M i n n . )  in Which C 4 2  
C o n ta in s  a  Null ' P r i m e  A l l e l e ' *
■'Phenotypic and genotypic designations a re  shown in each squ are. S e e  text for inbred
designation.
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F i g .  1 1 .  R e g u l a t o r y  G e n e t i c  Model C o ntro l l ing  the E 4  E s t e r a s e s  and I l lustrat ing  S e g r e g a t i n g  
G e n e r a t i o n s  f r o m  C r o s s e s  Involving I n b r e d s  A A 6  ( H a w . )  and C 4 2  ( M i n n . )  in Which C 4 2  
A  Null ' S t a n d a r d  A l l e le ' . ' ' '
'■'Phenotypic and genotypic designations a re  shown in each squ are . S e e  text for inbred
designations. -J
to
f ro m  th is  c r o s s  w h e n  C 4 2  conta ined  g en oty pe  ( 4 )  while  F i g u r e  11 
r e p r e s e n t s  the F 2  g e n e r a t io n  e x p e c t e d  w h e n  C 4 2  conta ined  g e n o ­
type ( 5 ) .  In both i n s t a n c e s  it c a n  b e  s e e n  that the e x p e c t e d  
r a t i o s  would b e  the s a m e .  T h e  F 2  g e n e r a t i o n  would s e g r e g a t e  
3 : 1  ( p r e s e n c e : a b s e n c e ) . T h e  b a c k c r o s s  involving A A 6  would 
not b e  e x p e c t e d  to s e g r e g a t e  ( top r o w  in e a c h  b l o c k )  but s h o w  
only the 70  p h e n o ty p e ,  while  the  b a c k c r o s s  to C 4 2  would b e  e x ­
p e cted  to s e g r e g a t e  1 : 1  ( p r e s e n c e : a b s e n c e ) (bottom r o w  in e a c h  
b l o c k ) .  T h e s e  e x p e c t e d  r a t i o s  a r e  in co m p le te  a g r e e m e n t  with 
the  o b s e r v e d  r e s u l t s  ( T a b l e  1 0 ) .  It is  im p o s s ib le  to d e te r m in e  
w hich  type of null a lle le  ( p r i m e  o r  s t a n d a r d )  C 4 2  co n ta in s  u n l e s s  
the l ink ag e  b e t w e e n  the O e ^  and the f a c t o r s  c a n  b e  b r o k e n .
A s  y e t ,  this l inkag e  h a s  not b e e n  b r o k e n .
70I n b r e d  A A 8 , which  co nta ined  the 'p r im e  allele '  of E ^  , w a s  
c r o s s e d  with in b re d  3 8 2  which  conta ined  i s o e n z y m e  7 5 .  T h e  data 
f r o m  this  s e r i e s  of g e n e t ic  c r o s s e s  a r e  p r e s e n t e d  in T a b l e  1 2 .
T h e  ta b le  s h o w s  that the F~^  h y b r id  b e t w e e n  t h e s e  two i n b r e d s  
s h o w e d  only i s o e n z y m e  7 5 .  T h i s  indicated that i n b r e d  3 8 2  c o n ­
ta ined the  functional R e ^  a l le le ,  and ,  in so m u c h  a s  th is  i n b r e d  •
e x p r e s s e d  i s o e n z y m e  7 5 ,  it could  b e  postulated that 3 8 2  a lso  c o n -
75tained the  ' s t a n d a r d  alle le '  for  75  ( E 4  )• T h e  F 2  g e n e r a t i o n  
s h o w e d  fo u r  p h e n o t y p e s :  7 0 ,  70 + 7 5 ,  75  and null w h ic h ,
a c c o r d i n g  to the model ( F i g u r e  1 2 )', should s e g r e g a t e  1 : 2 : 1 0 : 3 ,  
r e s p e c t i v e l y .  T h e  r a t i o s  p r e s e n t e d  in T a b l e  12  a g r e e d  Vv'ell with
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T a b l e  1 2 .  O b s e r v e d  E 4  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 8  ( H a w . )  and 3 8 2  ( P u r d u e )
C r o s s
P h e n o t y p e  
70  70+ 7 5 75 Null T o t a l R a t io E x p e c t e d P
A A 8  X  A A 8 2 0 0 0 0 0 2 0 0
3 8 2  X  3 8 2 0 0 2 0 0 0 2 0 0
3 8 2  X  A A 8 0 0 50 0 50 .
( 3 8 2  X A A 8 ) 
( 3 8 2  X  A A 8 )
X 23 3 4 1 6 4 4 1 ^ 2 1 : 2 : 1 0 : 3 1 6 : 3 3 : 1 6 4 : 4 9 4 . 9 3 0 . 1 8
( 3 8 2  X  A A 8 ) 
A A 8
X 6 7 6 6 70 4 8 2 5 1 1 : 1 : 1 : 1 6 2 . 8 : 6 2 . 8 : 6 2 . 8 : 6 2 . 8 5 . 0 1 0 . 1 7
( 3 8 2  X  A A 8 ) 
3 8 2
X 0 0 1 47 0 1 4 7
R e 4  O e 4  E 4
70
R e 4  O e 4 ^ E 4 ' 7 5
R e 4 °  O e 4  E 4 ^ 0
R e 4 °  O e 4 ^ E 4 '^^
R e 4  O e 4  E 4 ' ^ ^  R e 4  Q e 4 ^ E 4 ^ ^  R e 4 °  O e 4  E 4 ^ ^  R e 4 ^  Q e 4 ^ E 4
,75 70 ,75
R e 4 0 0 2 ^ ^ 4 ’^ ° R e 4 O e 4^ E 4 '^^ R e 4°  O e 4 E47O R e 4°  O e 4 '^E475
R e 4 O e 4 E 4 ”^ ° 
N U L L
7D
R e 4 O e 4 IZ.4
E 4^5
70
R e 4  O e 4  E 4  
N U L L
R e 4 O e 4 E 47°  
E 4 7 5
R o4  O e 4  E4^® R e 4  Oe4"^E4^^ R o 4°  O e 4  E47O R e 4°  O e 4^ E 475
R e 4 O e 4^ E 4'75
E 4 7 5
R e 4  Oe4^E4'^'^ 
E 4 7 5
R e 4 O e 4^ E 475
E 4 7 5
R e 4 O e 4^ E 475
E 4 7 5
R e 4  O e 4  £4"^^ 
R e 4 °  O e 4 E4"^^ 
N U L L
R e 4  Oe4*^E4'^^ 
R e 4 °  O e 4  
E .75
R e 4°  O e 4  E 4 ’^ ° 
R e 4°  O e 4  E47O 
E .70
R e 4 °  O e 4^ E 4 '^^  
R e 4°  O e 4  E47O 
E 4 7 O + E 4 7 5
R e 4  O e 4  E47O R e 4 O e 4C E475 R e 4 °  O e 4  E47O R o 4°  O e 4C E 475
R e 4 °  Oe4'^E4'^^ 
E 4 ^^
R e 4 °  O e4°E 4 '^ ^ R e 4°  O e 4^ E 475 
E 4 7 O + E 4 7 5
R e 4°  O e 4° E 475 
E 4 7 5
F i g .  12 . R e g u la to r y  G enetic  Model Control ling the E 4  E s t e r a s e s  and Illustrating the F 2  G en e ra t io n  
Involving In b r e d s  A A 8  ( H a w . )  and 382 ( P u r d u e ) . ' I '




the e x p e c t e d  r a t i o s .  T h e  b a c k c r o s s  involving A A 8  w a s  o b s e r v e d  
to s e g r e g a t e  1 : 1 : 1  : 1  f o r  the fo ur  p h e n o ty p e s ,  an d ,  a s  c a n  be  
s e e n  f ro m  the model p r e s e n t e d  in F i g u r e  1 3 ,  this w a s  the ratio  
e x p e c t e d  for  this  g e n e r a t i o n .  L i k e w i s e ,  the p r e s e n c e  of only i s o ­
e n z y m e  75  in the b a c k c r o s s  g e n e r a t io n  involving 3 8 2  ( T a b l e  1 2 )  
w a s  the rat io  e x p e c t e d  for  this g e n e r a t i o n  ( F i g u r e  1 3 ) .
T h e  next  s e r i e s  of c r o s s e s  involved i n b r e d s  A A 6  and A A 8  
with i n b r e d  M 1 1 9 ,  which  like i n b r e d s  A A 6  and A A 8 , conta ined 
i s o e n z y m e  7 0 .  T h e  data  f ro m  the s e r i e s  of c r o s s e s  involving 
A A 6  and M l  19 a r e  p r e s e n t e d  in T a b l e  1 3 .  T h e  tab le  s h o w s  that 
the F ^  g e n e r a t i o n  co n ta in e d  the 70 ph e n o ty p e .  T h e  s e g r e g a t i n g  
g e n e r a t i o n s  s h o w e d  only  i s o e n z y m e  70 in all individuals  indicating 
that M l  1 9 ,  l ike  A A 6 , co nta ined  the ' s t a n d a r d  alle le '  fo r  i s o e n z y m e  
7 0 .  T h i s  s e r i e s  of c r o s s e s  did not,  h o w e v e r ,  d e te r m in e  the 
a lle le  co n ta in e d  at the R e ^  l o c u s .
T h e  s e r i e s  of c r o s s e s  involving A A 8  and M 119 led to a 
c la s s i f i c a t io n  of the R e ^  alle le  of in b re d  M l  19 ( T a b l e  1 4 ) .  T h e  
F g e n e r a t i o n  co nta ined  i s o e n z y m e  70 while  the F ' 2  g e n e r a t io n  
s e g r e g a t e d  1 3 : 3  ( p r e s e n c e  : a b s e n c e  ) . T h e  b a c k c r o s s  involving 
A A 8  s e g r e g a t e d  3 : 1  ( p r e s e n c e : a b s e n c e ) while  the b a c k c r o s s  
involving M l  19 s h o w e d  only i s o e n z y m e  7 0 .  It w a s  ind ica ted ,  
t h e r e f o r e ,  that i n b r e d  M l  19 co nta ined  the s a m e  E 4  gen oty pe  a s  
in b re d  A A 6  .
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R e 4 O e 4  E 4 7 O R e 4 O e 4 C E 4 7 5 R e 4 °  O e 4  E 4 7 O R e 4 ° O e 4 ° E 4 7 5
R o4 O e 4  E 4 7 O R e 4 O e 4 ^ E 4 7 5 R e 4 °  O e 4 R e 4 ° O e 4 ° E 4 7 5
R c 4 °  O e 4  E 4 7 O R e 4 ° O e 4  E 4 7 O 
N U L L
R o4 ° O e 4  E 4 7 O R e 4 °  O e 4  E 4 7 O R o4 °
E 4
O s 4  E 4 7 O 
7 0 + e ^ 7 5
R o4 O b 4  E 4 7 O R e 4 O e 4 C E 4 7 5 R e 4 °  O e 4  E 4 7 O R e 4 ° O e 4 ° E 4 7 5
R e 4 O e 4  E 4 7 O R e 4 O e 4 C E 4 7 5 R e 4 °  O e 4  E 4 7 O R e 4 ° O e 4 C E 4 7 5
R e 4  O e 4 ° E 4 7 5 R e 4 O e 4 ^ E 4 7 5
E 4 ^ 5
R o4 O e 4 ^ E 4 7 5
E 4 ^ ^
R e 4  O e 4 ° E 4 7 5
E 4 7 5
R © 4 O e 4 ° E 4 7 5
E 4 7 5
F i g .  1 3 .  R e g u l a t o r y  G e n e t i c  Model C o n tro l l in g  the E 4  E s t e r a s e s  and I l lustrat ing  the B a c k -  
c r o s s  G e n e r a t i o n s  Involving I n b r e d s  A A 8  ( H a w . )  ( T o p )  and 3 8 2  ( P u r d u e )  ( B o t t o m ) . *
*Phenotypic and genotypic designations a re  shown in each squ are . S e e  text for inbred
designations.
78
T a b l e  1 3 .  O b s e r v e d  E 4  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and M 119  ( P u r d u e )
C r o s s
P h e n o t y p e  
70 Null T o t a l
A A 6  X A A 6 2 0 0 0 2 0 0
M I I 9  X M 119 50 0 50
A A 6  X M 119 50 0 50
( A A 6  X M 1 1 9 ) X ( A A 6  X M 1 1 9 ) 1 0 0 0 1 00
( A A 6  X M 1 1 9 ) X A A 6 80 0 80
( A A 6  X M 1 1 9 ) X M 119 80 0 80
T a b l e  1 4 .  O b s e r v e d  E 4  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 8  ( H a w . )  and M 119  ( P u r d u e )
C r o s s
P h e n o t y p e  
70 Null T o ta l R at io E x p e c t e d
A A 8  X A A 8 2 0 0 0 2 0 0
M I I 9  X M 119 50 0 50
M119 X A A 8 50 0 50
(M l  19 X A A 8 ) X ( M 1 1 9  X A A 8 ) 99 25 1 2 4 1 3 : 3 1 0 0 . 6 : 2 3 . 4 0 . 2 1 0 . 6 6
(M 1 1 9  X A A 8 ) X A A 8 58 22 80 3 : 1 6 0 : 2 0 0 . 2 6 0 . 5 9
(M 1 1 9  X A A 8 ) X M 119 80 0- 80
-JVO
S u m m a r i z i n g  th en ,  the E 4  e s t e r a s e s  of m a i z e  a r e  co n tro l le d  
b y  two independent ly  s e g r e g a t i n g ,  in te ra c t in g  l o c i .  ' P r i m e  a l l e l e s ' ,  
a s  postu la ted b y  S c h w a r t z  ( 1 9 6 2 b )  and d e s ig n ate d  a s  O e ^ E ^ ^  in 
the p r e s e n t  s tudy ,  i n t e r a c t  with an independently  s e g r e g a t i n g  r e g u ­
la t o r y  l o c u s  d e s ig n a te d  a s  R e ^ . T h e  R e ^  a l le le  of the  ' r e g u la t o r y '  
l o c u s  i n t e r a c t s  with the 'p r im e  alle le '  c a u s i n g  c e s s a t i o n  of e n z y m e  
p ro d u c t io n .  In addition to the 'p r im e  a l l e l e ' ,  ' s t a n d a r d  a l le le s '  a s  
d e s c r i b e d  by  S c h w a r t z  ( 1 9 6 2 b )  and d e s ig n a te d  a s  Oe^'^E^'^ in the 
p r e s e n t  s tudy ,  a l s o  e x i s t .  T h e  ' s t a n d a r d  a l l e le s '  do not in t e r a c t  
with the independent  r e g u l a t o r y  l o c u s .  T h e  r e g u l a t o r y  l o c u s ,  in 
addition to contain ing the in te ra c t in g  R e ^  a l l e le ,  a l s o  c o n t a in s  an 
al le le  ( R e ^ ® )  w hich  i s  in c a p a b le  of in tera c t in g  with 'p r i m e  a l le le s '  
to c a u s e  c e s s a t i o n  of e n z y m e  p ro d u ct ion .
It i s  in t e r e s t in g  to note the s im i la r i t ie s  b e t w e e n  the model 
postula ted in the p r e s e n t  study and the model fo r  g e n e t i c  re gu la t ion  
postula ted fo r  m i c r o o r g a n i s m s  b y  J a c o b  and Monod ( 1 9 6 1 ) .  T h e  
independently  s e g r e g a t i n g  r e g u l a t o r y  l o c u s  ( R e ^ )  of the p r e s e n t  
study would a p p e a r  a n a lo g o u s  to the ' r e g u l a ^  g e n e '  postu lated  by  
J a c o b  and Monod ( 1 9 6 1 )  if a n a lo g ie s  w e r e  to b e  d r a w n .  D i r e c t  
a n a lo g ie s  b e t w e e n  the 'p r im e  alle le '  of the p r e s e n t  study and the 
r e p r e s s i b l e  o p e r o n  of the m i c r o b i a l  s y s t e m s  ca n n o t  b e  d r a w n  due 
to the fact  that the O e ^  and the E ^ N  p o r t io n s  of the  'p r i m e  alle le '  
h a v e  not b e e n  s h o w n  to b e  independent c i s t r o n s .  S i m i l a r l y ,  only  
a  limited a n a lo g y  c a n  b e  d r a w n  b e t w e e n  the ' s ta n d a i ’d a lle le '  of the
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p r e s e n t  study and the const itutive o p e r o n  of the m ic r o b ia l  s y s t e m s  
on the s a m e  b a s i s .  It t h e r e f o r e  cannot  and i s  not implied that the 
E 4  e s t e r a s e s  a r e  co n tro l le d  by  the in tera c t io n  of r e g u l a t o r  and 
o p e r a t o r  g e n e s .  T h e  la c k  of e v id e n c e  substantiat ing  the o p e r o n  
t h e o r y  in h ig h e r  diploid o r g a n i s m s  along with the l a c k  of data 
sh o w in g  r e c o m b in a t io n  b e t w e e n  the O e ^  and the £ 4 ^  p o r t io n s  of 
the E 4  l o c u s  n e c e s s i t a t e s  the m o r e  c o n s e r v a t i v e  'p r im e '  and 
' s ta n d a r d '  al le le  d e s ig n a t i o n s .
C o m p le x  1 and 11 w e r e  d e s c r i b e d  in detail u n d e r  the s e c t io n  
entit led,  D e s c r i p t i o n  and O c c u r r e n c e .  E a c h  c o m p l e x  co n ta in s  four 
i s o e n z y m e s .  T w o  of the i s o e n z y m e s  in e a c h  c o m p l e x  m i g r a t e  in 
the a r e a  of i s o e n z y m e  18 and a r e  o b s c u r e d  in the p r e s e n c e  of that 
i s o e n z y m e .  T h e  o t h e r  two i s o e n z y m e s  from  e a c h  c o m p l e x  m ig r a t e  
in the r e g i o n  of i s o e n z y m e  3 4  and a r e  o b s c u r e d  in the p r e s e n c e  of 
that i s o e n z y m e .
T h e  i n b r e d s  c h o s e n  for  the p r e s e n t  study of co m p lex -1  and 11 
w e r e  H a w a i ia n  i n b r e d s  A A 8  and A A 6  . In b re d  A A 8  w a s  c h o s e n  
out of n e c e s s i t y  due to the fact  that this i n b r e d  w a s  the only  line 
of c o r n  found that co n ta in e d  c o m p l e x - 11  . In addition to having 
c o m p l e x - l l ,  A A 8  a l so  had the m a sk in g  i s o e n z y m e  18 w hich  o b ­
s c u r e s  the f a s t e r  p a ir  of i s o e n z y m e s  makin g up the c o m p l e x .
In b re d  A A 6  w a s  c h o s e n  b e c a u s e ,  in addition to contain ing c o m p l e x -  
1, it a l s o  co nta ined  i s o e n z y m e  1 8 .  O t h e r  in b re d  l in e s  contain ing 
c o m p l e x - I  w e r e  ru led  out due to the fact  that they conta ined e i th e r
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m a s k in g  i s o e n z y m e  3 4 0  o r  both m a s k in g  i s o e n z y m e s .  It w a s  
thought b e s t  to u s e  p a r e n t s  with identical  m a s k in g  e f fe c t s  s i n c e  a 
s e a r c h  fo r  a s in g le  co m p o u nd  inhibitory to the m a s k in g  i s o e n z y m e  
(but not to e i t h e r  c o m p l e x )  would b e  m o r e  fruitful than finding a 
com pound ( o r  co m b in a t io n s  of c o m p o u n d s )  inhib itory  to both 
m a s k in g  i s o e n z y m e s .
A s  it tu rn e d  out ,  a co m p o u nd  w a s  found that inhibited both 
m a s k in g  i s o e n z y m e s  but n e i th e r  c o m p l e x .  B y  this t im e ,  h o w e v e r ,  
the c r o s s e s  involving A A 8  and A A 6  had a l r e a d y  b e e n  m a d e .  T h e  
inhibition of the m a s k in g  b a n d s  w a s  a c h i e v e d  with the o r g a n o -  
p h o sp h ate  D D V P  ( d i m e t h y l - 2 - 2 - d i c h l o r o v i n y l  p h o s p h a t e ) ,  and its 
activity w a s  d e s c r i b e d  in the s e c t i o n  entit led.  Inhibition and 
A c t i v a t i o n .
T h e  g e l s  r u n  for  the p r e s e n t  g e n e t ic  s tu d ies  w ei ’ e  cut In half 
a s  d e s c r i b e d  in the  M ethods  s e c t io n  to p r o d u c e  two identical  
h a l v e s .  E a c h  half  w a s  s ta in ed  fo r  e s t e r a s e  act ivity but dif fered 
f ro m  o n e  a n o t h e r  in that o n e  half r e c e i v e d  100  ppm D D V P  . T h i s  
r e s u l t e d  in two identical  g e l s  f ro m  the standpoint of s a m p l e s  applied 
and s y s t e m  sta ined  f o r ,  but d if fered f ro m  the standpoint  that o n e  
exhib i ted all of the s ta in a b le  e s t e r a s e s  while  the o t h e r  exhibited 
only  the two c o m p l e x ' s  u n d e r  study and a few m i n o r ,  n o n -  
in t e r fe r in g  i s o e n z y m e s .
T h i s  duplication w a s  thought n e c e s s a r y  in o r d e r  to e s ta b l i s h  
the  validity of the o r g a n o p h o s p h a t e  m e th o d .  It w a s  found that all
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s a m p l e s  exhibit ing c o m p l e x  1 in the D D V P  t r e a t e d  g e l s  c o r r e ­
sp o n d e d  with s a m p l e s  exhibiting the f a s t e r  p a ir  of i s o e n z y m e s  in 
the r e g i o n  of i s o e n z y m e  3 4  ( i s o e n z y m e s  340^ and 3 5 0 ^ ) .  L i k e ­
w i s e ,  all s a m p l e s  exhibiting c o m p l e x  II in the D D V P  t r e a t e d  g e l s  
exhib i ted the s l o w e r  p a i r  of i s o e n z y m e s  340® and 350® in the u n­
t r e a t e d  g e l s .  T h e  validity of u s ing  an inhibi tor  s u c h  a s  D D V P  
w a s  t h e r e f o r e  e s t a b l i s h e d  a s  r e p r e s e n t i n g  the t r u e  i s o e n z y m e  
s p e c t r u m  for  non-inhib i ted  i s o e n z y m e s .  T h e  duplication p r o c e s s  
w a s  u s e d  throughout  the s tudy ,  n e v e r t h e l e s s .  F r e s h  r o o t  t i s s u e  
f ro m  6 - d a y  old s e e d l i n g s  d e r iv e d  f ro m  i n b r e d s  A A 8  and A A 6 , 
th e i r  F ^  h y b r i d ,  and the g e n e t i c  c r o s s e s  w e r e  te s t e d  fo r  c o m p l e x  
I and 11. T h e  data f r o m  this  s e r i e s  of c r o s s e s  a r e  p r e s e n t e d  in 
T a b l e  1 5 .  It c a n  b e  s e e n  f ro m  the tab le  that i n b r e d  A A 8  c o n ­
ta ined only  c o m p l e x - l l  and i n b r e d  A A 6  co n ta in e d  only c o m p l e x - I . 
T h e  1 0 0  F h y b r i d  s e e d s  te s t e d  in this study w e r e  d e r iv e d  f ro m  
five lots of 20  s e e d s  e a c h .  F i v e  in b re d  A A 8  plants w e r e  
s e l e c t e d  a s  fe m a le  p a r e n t s  and e a c h  w a s  pollinated with jDolIen 
f ro m  different A A 6  i n b r e d  p la n ts .  In no c a s e  w a s  the pollen f ro m  
a  s ing le  A A 6  plant u s e d  to pollinate m o r e  than o n e  A A 8  f e m a l e .  
T w e n t y  s e e d s  w e r e  c o l l e c t e d  f ro m  e a c h  h y b r id  and u s e d  a s  the 
s o u r c e  fo r  the F r o o t  m a t e r i a l .
A s  c a n  b e  s e e n  f ro m  T a b l e  1 5 ,  all 1 00  F s e e d s  exhib i ted 
c o m p l e x - l . T h e  s a m e  tab le  s h o w s  that the F ^  population s e g r e ­
ga te d  1 5 : 1  ( c o m p l e x - I : c o m p l e x - I l ) , the b a c k c r o s s  to i n b r e d  A A 8
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T a b l e  1 5 .  O b s e r v e d  E 5  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s
_____________ Involving I n b r e d s  A A 6  ( H a w . )  and A A 8  ( H a w . ) ____________________
P h e n o t y p e  ( I :I I )
C r o s s ___________________ C o m p l e x - I  C o m p Ie x - I I  T o t a l  R a t io  E x p e c t e d
A A 8  X  A A 8 0 1 0 0 1 0 0
i
A A 6  X  A A 6 1 0 0 0 1 0 0
A A 8  X  A A 6 1 0 0 0 1 0 0
( A A 8  X  A A 6 ) X ( A A 8  X  A A 6 ) 3 2 3 . 31 3 5 4 1 5 : 1 3 3 1 . 9 : 2 2 . 1  3 . 7 9 0 . 0 6
( A A 8  X  A A 6 ) X A A 8 141 48 1 8 9 3 : 1 1 4 2 : 4 7  0 . 0 2 0 . 9 9
( A A 8  X  A A 6 ) X A A 6 2 0 1 0 2 0 1
CO
4^^
s e g r e g a t e d  3 : 1  ( c o m p l e x - I : c o m p l e x - I I ) , and the b a c k c r o s s  to A A 6  
did not s e g r e g a t e  but exhib i ted only  c o m p l e x - 1 .
C o m p le x -1  and 11, on  the  b a s i s  of the p r e s e n t  d a ta ,  a p p e a r  
to b e  u n d e r  the co n tro l  of a s y s t e m  of r e c e s s i v e  co m p le m e n ta t io n .  
T h e  model for  this  s y s t e m  is  p r e s e n t e d  in F i g u r e s  14  and 15 
a long with the e x p e c t e d  r a t i o s  fo r  the s e g r e g a t i n g  g e n e r a t i o n s .  It 
c a n  b e  s e e n  f ro m  the f ig u r e s  that 1/16 of the F 2  population would 
b e  e x p e c t e d  to exhibit  co m p le x - I I  while the re m a in in g  15/ 1 6  should  
exhibit  c o m p l e x - I .  T h i s  is  in good a g r e e m e n t  with the o b s e r v e d  
data  ( T a b l e  1 5 ) .  T h e  e x p e c t e d  r a t i o s  b a s e d  on  this  model fo r  
the b a c k c r o s s  g e n e r a t i o n s  a r e  a l s o  in good a g r e e m e n t  with the 
o b s e r v e d  data .
O n  the b a s i s  of the data ,  two independently  s e g r e g a t i n g  loci  
w e r e  postu la ted ( E 5 -I and E ^ - I I ) . E a c h  l o c u s  w a s  postu la ted to 
conta in  two a l l e le s  ( E ^ - I ' ^ ,  E ^ - I ^  and E ^ - I I ^ ,  E ^ - I I® )  . T h e  
doubly r e c e s s i v e  g en oty p e  ( E 5 - I ^ / E 5 - l ^ ,  E g - l I ^ / E ^ - I I ® ) w a s  
d e s ig n a te d  a s  r e p r e s e n t i n g  c o m p l e x - l l  while  all o t h e r  c o m b in a t io n s  
r e p r e s e n t e d  c o m p l e x - I .
I s o e n z y m e  12  w a s  e x a m in e d  in s e ed l in g  r o o t  t i s s u e  from  
c r o s s e s  involving i n b r e d s  A A 8  and M 1 1 9 -  I n b r e d  A A 8  co nta ined  
the i s o e n z y m e  while  M 119 did not.  T h i s  i s o e n z y m e  i s  the f a s t e s t  
m igrat ing  c o m m o n  i s o e n z y m e  in the m a t e r ia l  s tudied.
T h e  data  f ro m  this  s e r i e s  of c r o s s e s  a r e  p r e s e n t e d  in T a b l e
1 6 .  It c a n  b e  s e e n  f ro m  the data  that the F h y b r i d  exhib i ted this
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F i g .  1 4 .  G e n e t i c  Model Contro l l ing  the  E 5  E s t e r a s e s  and Il lustra t ing the F 2  G e n e r a t i o n  
Involving I n b r e d s  A A 6  ( H a w . )  and A.A 8  ( H a w . ) . ^ ' "
^Phenotypic and genotypic designations a re  shown in each square .  S e e  text for inbred
designations.
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F i g .  1 5 .  G e n e t i c  Model C o n tro l l in g  the E 5  E s t e r a s e s  and Il lustra t ing the  B a c k c r o s s  
G e n e r a t i o n s  Involving I n b r e d s  A A 6  ( H a w . )  ( T o p )  and A A 8  ( H a w . )  ( B o t t o m ) . * *
*I = C o m p l e x - I ,  II = C o m p l e x - I I .




T a b l e  1 6 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s
___________ Involving I n b r e d s  A A 8  ( H a w . )  and M 119  ( P u r d u e ) ________________
P h e n o t y p e
C r o s s ______________________ 12______ Null T o t a l  R a t io  E x p e c t e d ______
A A 8  x  A A 8 2 0 0 0 2 0 0
M 119 X M 119 0 50 50
M 119 X A A 8 50 0 50
( M 1 1 9  X A A 8 ) X ( M 1 1 9  x  A A 8 ) 90 3 4 1 2 4 3 : 1 9 3 : 3 1 0 . 3 8 0 . 5 7
( M 1 1 9  X A A 8 ) X A A 8 80 0 80
(M 1 1 9  X A A 8 ) X M 119 4 5 35 80 1 : 1 4 0 : 4 0 1 . 2 5 0 . 2 5
CD
00
i s o e n z y m e .  T h e  F 2  g e n e r a t i o n  s e g r e g a t e d  3 : 1  ( p r e s e n c e :  
a b s e n c e )  and the b a c k c r o s s  g e n e r a t i o n  involving i n b r e d  M l  19 s e g ­
r e g a t e d  1 : 1  ( p r e s e n c e  : a b s e n c e  ) . T h e  b a c k c r o s s  involving A A 8  
did not s e g r e g a t e  but s h o w e d  the p r e s e n c e  of this  i s o e n z y m e  in all 
in d iv id u a ls .
T h e  data in d ica te  a  s im p le  m o n g e n ic  co n tro l  m e c h a n i s m  for  
the i n h e r i t a n c e  of this  i s o e n z y m e .  T h i s  i s o e n z y m e  h a s  b e e n  
a s s i g n e d  the  l o c u s  which  c o n t a in s  two a l l e le s  ( E^-^ ^^d
I s o e n z y m e s  1 4  and 16 w e r e  e x a m in e d  in se e d l in g  ro o t  t i s s u e
in c r o s s e s  involving i n b r e d s  A A 8  and A A 6 . I n b r e d  A A 8  l a c k s
both of t h e s e  i s o e n z y m e s  while  in b re d  A A 6  c o n t a in s  both i s o ­
e n z y m e s .  In the p r e s e n t  study of e s t e r a s e  p o l y m o r p h i s m s ,  l in e s  
of m a i z e  exhibi ting only  o n e  o r  the o t h e r  of t h e s e  i s o e n z y m e s  w e r e  
not found. In all c a s e s ,  e i t h e r  both i s o e n z y m e s  w e r e  p r e s e n t  o r  
both w e r e  a b s e n t .
T h e  data  f r o m  this  s e r i e s  of c r o s s e s  a r e  p r e s e n t e d  in T a b l e
1 7 .  It c a n  b e  s e e n  fro m  the table  that the F ^  h y b r id  exhib i ted the
tw o i s o e n z y m e s .  T h e  ^ 2  g e n e r a t i o n  s e g r e g a t e d  3 : 1  ( p r e s e n c e :  
a b s e n c e )  fo r  the i s o e n z y m e s  while  the b a c k c r o s s  involving i n b r e d  
A A 8  s e g r e g a t e d  1 : 1  ( p r e s e n c e  : a b s e n c e  ) . T h e  b a c k c r o s s  
involving i n b r e d  A A 6  did not s e g r e g a t e  but exhib i ted both i s o ­
e n z y m e s  in all 2 0 1  indiv id uals .
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T a b l e  1 7 .  O b s e r v e d  E y  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s
_____________ Involving I n b r e d s  A A 6  ( H a w . )  and A A 8  ( H a w . ) _________________
P h e n o t y p e
C r o s s  1 4 - 1 6  Null T o t a l  R a t io  E x p e c t e d  X
A A 6  X A A 6 1 0 0 0 1 0 0
Aa\ 8  X A A 8 0 1 0 0 1 0 0
A  A S  X A A 6 1 0 0 0 1 0 0
( A A 8  X A A 6 ) X ( A A 8  x  A A 6 ) 1 7 4 54 2 2 8 3 : 1 1 7 1 : 5 7 0 . 2 0 0 . 6 8
( A A 8  X A A 6 ) X A A 8 9 0 70 1 6 0 1 : 1 8 0 : 8 0 2 . 4 5 0 . 1 1
( A A S  X A A 6 ) X A A 6 2 0 1 0 2 0 1
'sD
o
T h e  data indicated a s im ple  m o n o g en ic  c o n tro l  of i n h e r i t a n c e  
fo r  the i s o e n z y m e s .  In no c a s e  did e i t h e r  i s o e n z y m e  a p p e a r  
independently  of the o t h e r .  It a p p e a r s  a s  though both i s o e n z y m e  
14  and 16 a r e  co n tro l le d  by  the s a m e  g e n e .
T h e s e  i s o e n z y m e s  h a v e  b e e n  d e s ig n ate d  the E y  e s t e r a s e s .  
T w o  a l l e l e s  ( E y ^  and Ey*^^^^) w e r e  a s s i g n e d  to this l o c u s .
I s o e n z y m e  n u m b e r  1 8 ,  which  w a s  found in all t i s s u e s  s tudied,  
w a s  the m o st  p ro m in en t  of the anodal e s t e r a s e s  found in the 
p r e s e n t  s t u d i e s .  It i s  unique in its b e h a v i o r  t o w a r d s  f luoride  and 
p h o sp h ate  be ing  inhibited b y  t h e s e  co m p o u n d s  w h e r e a s  the o t h e r  
e s t e r a s e  i s o e n z y m e s  a r e  not.  It i s  the only  i s o e n z y m e  that i s  not 
inhibited by the o r g a n o p h o s p h a t e  d im e th y l - 1 , 2 - d i b r o m o - 2 , 2 -  
d ic h lo r o e t h y l - p h o s p h a t e  ( D I B R O M ) .  I s o e n z y m e  18 i s  the only  i s o ­
e n z y m e .  studied h e r e  that s h o w s  a p r e f e r e n c e  for  b e ta  naphthyl 
a c e t a t e  in the p r e s e n c e  of the a lpha f o r m .  T h e  i s o e n z y m e  is  
p r e s e n t  in m o st  i n b r e d s  of m a i z e  but is  a b s e n t  in C 4 2  ( M i n n . ) ,
3 8 2  ( P u r d u e ) ,  2 2 5 3  ( I o w a )  and plant in trod uct io ns  n u m b e r e d  P I  
1 8 1 8 4 3  ( L e b a n o n )  and P I  2 3 3 3 1 2  ( S o .  D a k o t a ) .
A  small  amount of v a r ia t io n  in the m igra t io n  r a t e  of i s o ­
e n z y m e  18 w a s  noted in c e r t a i n  i n b r e d s .  T h e  s l o w e s t  phenotype 
w a s  noted in a s h 2  s u 2  s t o c k  r e c e i v e d  f ro m  the M aize  C o o p  ( 6 4 -  
6 4 3 - 3  s e l f e d )  while  the fa s te s t  phenotype fo r  this  i s o e n z y m e  w a s  
noted in in b re d  4 4 2 a  (111. ) .  C r o s s e s  b e t w e e n  t h e s e  two v a r i a n t s  
indicated that the d i f f e r e n c e  in m igrat ion  w a s  not sufficient enough
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fo r  c o m p r e h e n s i v e  g e n e t ic  a n a l y s i s .  G e n e t i c  s tu d ies  w e r e  t h e r e ­
f o r e  l imited to c r o s s e s  involving the functional i s o e n z y m e  and null 
t y p e s .  N e v e r t h e l e s s ,  due to the s im ilar i ty  in the unique b e h a v i o r  
of t h e s e  m in o r  v a r i a n t s  t o w a r d s  the c o m p o u n d s  outlined a b o v e  
m a y  in d icate  that they a r e  a l l e l e s .
T h e  f i r s t  s e r i e s  of c r o s s e s  in the g e n e t ic  study of i s o e n z y m e  
18 involved se e d l in g  r o o t  t i s s u e .  In b r e d  A A 8  w hich  co n ta in e d  the 
i s o e n z y m e  and in b r e d  3 8 2  w hich  la c k e d  the i s o e n z y m e  w e r e  u s e d  
a s  p a re n ta l  s t o c k s  and the data f ro m  the c r o s s e s  a r e  p r e s e n t e d  in 
T a b l e  1 8 .  In T a b l e  19 data f ro m  c r o s s e s  b e t w e e n  i n b r e d s  A A 6  
and C 4 2  a r e  p r e s e n t e d .  T h e  data f ro m  both s e r i e s  of c r o s s e s  
indicate  that i s o e n z y m e  18 i s  c o n tro l le d  b y  a s im ple  m o n o g e n ic  
s y s t e m .  T h e  data  f ro m  both s e r i e s  s h o w  that i s o e n z y m e  w a s  
p r e s e n t  in the F  h y b r i d ,  s e g r e g a t e d  3 : 1  ( p r e s e n c e  : a b s e n c e ) in 
the F ^  g e n e r a t i o n s ,  s e g r e g a t e d  1 : 1  in the  b a c k c r o s s  involving the 
null p a r e n t ,  and s h o w e d  only  p r e s e n c e  in the b a c k c r o s s  involving 
the p a r e n t  conta ining the i s o e n z y m e .
l i a b l e  2 0  s h o w s  the r e s u l t s  of g e n e t i c  c r o s s e s  involving 
i n b r e d s  A A 5  and C 4 2  u s ing  im m a tu re  e n d o s p e r m  a s  the e n z y m e  
s o u r c e .  A s  w a s  the c a s e  with the se e d l in g  r o o t  e x t r a c t s ,  the 
e n d o s p e r m  data  indicated  a s im p le  m o n o g e n ic  p a t te rn  of i n h e r i t a n c e  
fo r  i s o e n z y m e  1 8 .
O n  the b a s i s  of the data p r e s e n t e d ,  a  s in g le  l o c u s  w a s  
postu la ted ( E g ) .  T w o  a l l e le s  e x i s t  ( Eg''^ and Eg'^'^^^).
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T a b l e  1 8 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 8  ( H a w . )  and 3 8 2  ( P u r d u e )
C r o s s
P h e n o t y p e  
18 Null T o ta l R a t io E x p e c t e d X 2 P
A A 8  X A A 8 1 0 0 0 1 0 0
3 8 2  X 3 8 2 0 1 0 0 1 0 0
3 8 2  X A A 8 50 0 50
( 3 8 2  X A A 8 ) X ( 3 8 2  x  A A 8 ) 1 93 69 2 6 2 3 : 1 1 9 6 . 5 : 6 5 . 5 0 . 2 5 0 . 7 0
( 3 8 2  X A A 8 ) X A A 8 2 0 8 0 2 0 8
( 3 8 2  X A A 8 ) X 3 8 2 77 70 1 4 7 1 : 1 7 3 . 5 : 7 3 . 5 0 . 3 3 0 . 6 0
V£>
C>o
T a b l e  1 9 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and C 4 2  ( M i n n . )
C r o s s
P h e n o t y p e  
18 Null T o ta l R a t io E x p e c t e d P
A A 6  X A A 6 50 0 50
C 4 2  X C 4 2 0 50 50
C 4 2  X A A 6 50 0 50
( C 4 2  X A A 6 )  X ( C 4 2  x  A A 6 ) 96 33 129 3 : 1 9 6 . 8 : 3 2 . 2 0 . 0 0 3 > 0 . 9
( C 4 2  X A A 6 )  X A A 6 80 0 80
( C 4 2  X A A 6 )  X C 4 2 36 4 4 50 l . : l 4 0 : 4 0 0 . 8 0 0 . 3 6
VO4^
T a b l e  2 0 .  O b s e r v e d  E 3  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and C 4 2  ( M i n n . )
C r o s s
P h e n o t y p e  
18 Null T o t a l R a t io E x p e c t e d X 2 P
A A 5  X A A 5 50 0 50
C 4 2  X C 4 2 0 50 50
C 4 2  x ' A A 5 50 0 50
( C 4 2  X A A 5 )  X ( C 4 2  x  A A 5 ) 1 0 0 30 1 30 3 : 1 9 7 . 5 : 3 2 . 5 0 . 2 6 0 . 6 5
( C 4 2  X A A 5 )  x  A A 5 80 0 80
( C 4 2  X A A 5 )  X C 4 2 29 25 5 4 1 : 1 2 7 : 2 7 0 . 2 9 0 . 5 5
VO
Cn
H o m o z y g o u s  Eg' '^ individuals  s h o w  i s o e n z y m e  18 a s  do h e t e r o -  
z y g o t e s .  H o m o z y g o t e s  fo r  s h o w  the null ph e n o ty p e .
I s o e n z y m e s  3 4  and 4 0  w e r e  pro m in ent  i s o e n z y m e s  and w e r e  
found in all t i s s u e s  e x a m in e d  in the p r e s e n t  s tu d y .  A  unique c h a ­
r a c t e r i s t i c  of t h e s e  two i s o e n z y m e s  w a s  th e i r  act ivat io n b y  the 
alkaloid a t r o p i n e .  T h e  p r e s e n c e  of this alkaloid a l lo w ed  v is u a l i ­
zation of t h e s e  two i s o e n z y m e s  in a s  little t ime a s  5  m in u tes .
T h i s  p h e n o m e n o n  p r o v e d  usefu l in allowing s h o r t e r  s taining t i m e s .
T h e  f i r s t  s e r i e s  of c r o s s e s  in the g e n e t i c  study of i s o ­
e n z y m e s  3 4  and 4 0  involved i n b r e d s  A A 6  and A A 8  ( H a w . ) .
I n b r e d  A A 6  co n ta in e d  i s o e n z y m e  4 0  while in b re d  A A 8  l a c k e d  both 
3 4  and 4 0  (null t y p e ) .  T h e  r e s u l t s  of the g e n e t ic  c r o s s e s  a r e  
p r e s e n t e d  in T a b l e  2 1 .  It c a n  b e  s e e n  f ro m  the tab le  that the 
h y b r id  co n ta in e d  i s o e n z y m e  4 0 .  T h e  F ^  g e n e r a t i o n  s e g r e g a t e d  
3 : 1  ( 4 0 :  n u l l ) .  T h e  b a c k c r o s s  g e n e r a t i o n  involving i n b r e d  A A 8  
s e g r e g a t e d  1 : 1  ( 4 0 : null)  while  the b a c k c r o s s  involving A A 6  did 
not s e g r e g a t e  but s h o w e d  only  i s o e n z y m e  4 0 .
T h e  s e c o n d  s e r i e s  of c r o s s e s  in the p r e s e n t  study involved 
i n b r e d s  A A 8  and M 1 1 9 .  M 119  conta ined  i s o e n z y m e  3 4 .  T h e
r e s u l t s  of the s e c o n d  s e r i e s  of c r o s s e s  a r e  p r e s e n t e d  in T a b l e  
2 2 .  It c a n  b e  s e e n  f ro m  this  tab le  that the F ^  h y b r id  co nta ined  
i s o e n z y m e  3 4  and that the F 2  g e n e r a t i o n  s e g r e g a t e d  3 : 1  ( 3 4 : n u l l ) .  
T h e  b a c k c r o s s  g e n e r a t i o n  involving A A 8  s e g r e g a t e d  1 : 1  ( 3 4 :  null)  
while  the o t h e r  b a c k c r o s s  did not s e g r e g a t e  but exhib i ted only
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T a b l e  2 1 .  O b s e r v e d  E q E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s
Involving I n b r e d s  A A 6 ( H aw  . ) and A A 8 ( H a w . )
C r o s s
P h e n o t y p e  
4 0  Null T ota l R a t io E x p e c t e d P
A A 8  X A A 8 0 2 0 0 2 0 0
A A 6  X A A 6 2 0 0 0 2 0 0
A A 8  X A A 6 50 0 50
( A A 8  X A A 6 ) X ( A A 8  x  A A 6 ) 3 1 2 91 4 0 3 3 : 1 3 0 2 . 2 5 : 1 0 0 . 7 5 1 . 3 3 0 . 2 6
( A A 8  X A A 6 ) X A A 8 129 1 33 2 6 2 1 : 1 1 3 1 : 1 3 1 0 . 0 6 0 . 4 3
( A A 8  X A A 6 ) X A A 6 2 0 1 0 2 0 1
VO
•<i
T a b l e  2 2 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A S  ( H a w . )  and M 1 1 9  ( P u r d u e )
C r o s s
P h e n o t y p e  
3 4  Null T o ta l R at io E x p e c t e d P
A A S  X A A S 0 2 0 0 2 0 0
M 119 X M 119 80 0 80
M 119 X A A S 50 0 50
( M l  19 X A A S )  X ( M 1 1 9  X A A S ) 9 5 29 1 2 4 3 : 1 9 3 : 3 1 0 . 1 7 0 . 1 7
(M 1 1 9  X A A S )  X A A S 38 4 2 80 1 : 1 4 0 : 4 0 0 . 2 0 0 . 6 7
(M 1 1 9  X A A S )  X M 119 80 0 80
VO00
T h e  third s e r i e s  of c r o s s e s  involved i n b r e d s  A A 6  and M l  1 9 .  
T h e  data  a r e  p r e s e n t e d  in T a b l e  2 3 .  It c a n  b e  s e e n  f ro m  this 
tab le  that the h y b r id  co n ta in e d  both i s o e n z y m e s  3 4  and 4 0 .  T h e  
F ^  g e n e r a t i o n  s e g r e g a t e d  1 : 2 : 1  ( 3 4 : 3 4 + 4 0  : 4 0  ) and the b a c k c r o s s  
to A A 6  s e g r e g a t e d  1 : 1  ( 3 4 + 4 0 : 4 0 ) .  T h e  b a c k c r o s s  to M 119  s e g ­
r e g a t e d  1 : 1  ( 3 4 : 3 4 + 4 0 ) .  T h e  null phenotype w a s  not s e e n .
i
O n  the b a s i s  of t h e s e  r e s u l t s  a s ing le  g e n e  having  3 a l l e le s  
w a s  p o s tu la te d .  I n b r e d  A A 6  w a s  d e s ig n a te d  a s  having alle le  E g ® ,  
i n b r e d  M l  19 w a s  d e s ig n a te d  a s  having Eg^^, and in b re d  A A 8  w a s  
d e s ig n a te d  a s  having  alle le  Eg' '^^^  ^•
T o  fu r t h e r  s u b s tan t ia te  this model i n b r e d  0 4 2  having i s o ­
e n z y m e  3 4  and ,  su p p o s e d ly  a lle le  E g - ^ , w a s  c r o s s e d  with i n b r e d s  
A A 8  and A A 6 . T a b l e  2 4  p r e s e n t s  the r e s u l t s  f ro m  c r o s s e s  
involving 0 4 2  and A A 6 . It c a n  b e  s e e n  f ro m  this table  that the
F  h y b r id  co n ta in e d  both i s o e n z y m e s .  T h e  F „  g e n e r a t i o n  s e g r e -  
1 ^
g a te d  1 : 2 : 1  ( 3 4 : 3 4 + 4 0 : 4 0 ) ,  the b a c k c r o s s  involving i n b r e d  p a r e n t  
A A 6  s e g r e g a t e d  1 : 1  ( 3 4 + 4 0 : 4 0 ) ,  and the b a c k c r o s s  involving 
in b re d  p a r e n t  0 4 2  s e g r e g a t e d  1 : 1  ( 3 4 : 3 4 + 4 0 ) .
T a b l e  25  p r e s e n t s  the data  f ro m  c r o s s e s  b e t w e e n  A A 8  and 
0 4 2 .  H e r e  it c a n  b e  s e e n  that the F^^  h y b r id  co n ta in e d  i s o e n z y m e  
3 4 .  T h e  F 2  g e n e r a t i o n  s e g r e g a t e d  3 : 1  ( 3 4 :  n u l l ) , the b a c k c r o s s  
involving A A 8  s e g r e g a t e d  1 : 1  ( 3 4 : null) and the b a c k c r o s s  
involving 0 4 2  did not s e g r e g a t e ,  but exhib i ted only  3 4 .  T h e s e
99
isoenzyme 34.
T a b l e  2 3 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f r o m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and M 119  ( P u r d u e )
C r o s s
P h e n o t y p e  
3 4  3 4 + 4 0 4 0 T o t a l R at io E x p e c t e d X 2 P
A A 6  X A A 6 0 0 2 0 0 2 0 0
M 119 X M 119 50 0 0 80
A A 6  X M 119 0 80 0 80
( A A 6  X M 1 1 9 )  X ( A A 6  x  M 1 1 9 ) 1 0 7 2 2 4 1 09 4 4 0 1 ; 2 : 1 1 1 0 : 2 2 0 : 1 1 0 0 . 1 6 0 . 9 0
( A A 6  X M l  1 9 )  X A A 6 0 54 46 1 0 0 0 : 1 : 1 0 : 5 0 : 5 0 0 . 6 4 0 . 7 3
( A A 6  X M 1 1 9 )  X M 119 36 4 4 0 80 1 : 1 : 0 4 0 : 4 0 : 0 0 . 8 1 0 . 6 3
o
o
T a b l e  2 4 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 6  ( H a w . )  and C 4 2  ( M i n n . )
C r o s s
P h e n o t y p e  
3 4  3 4 + 4 0 4 0 T o t a l R at io E x p e c t e d P
A A 6  X A A 6 0 0 2 0 0 2 0 0
C 4 2  X C 4 2 80 0 0 8 0
A A 6  X C 4 2 0 4 0 0 4 0
( A A 6  X C 4 2 )  X ( A A 6  x  C 4 2 ) 3 0 77 33 140 1 : 2 : 1 3 5 : 7 0 : 3 5 1 . 5 3 0 . 2 2
( A A 6  X C 4 2 )  X A A 6 0 4 2 38 80 0 : 1 : 1 0 : 4 0 : 4 0 0 . 2 0 0 . 9 0
( A A 6 x  C 4 2 )  X C 4 2 6 6 5 4 0 1 2 0 1 : 1 : 0 6 0 : 6 0 : 0 1 . 2 0 0 . 5 4
T a b l e  2 5 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A S  ( H a w . )  and C 4 2  ( M i n n . )
C r o s s
P h e n o t y p e  
3 4  Null T o t a l R a t io E x p e c t e d P
A A S  X A A S 0 2 0 0 2 0 0
C 4 2  X C 4 2 8 0 0 . 80
A A S  X C 4 2 2 0 0 2 0
( A A S  X C 4 2 )  X ( A A S  x  C 4 2 ) 1 6 5 50 2 1 5 3 : 1 1 6 1 . 2 : 5 3 . 8 0 . 4 0 0 . 5 4
( A A S  X C 4 2 )  X A A S 3 4 4 6 8 0 1 : 1 4 0 : 4 0 1 . 8 0 0 . 2 3
( A A S  X C 4 2 )  X C 4 2 80 0 80
o
to
d a ta ,  l ike t h o s e  involving in b re d  M l  1 9 ,  indicate  a  s ing le  l o c u s  
having 3 a l l e l e s ,  o n e  of which  is  a  null type.
O n e  f u r t h e r  s e r i e s  of c r o s s e s  w a s  m a d e .  T h i s  s e r i e s  in­
volved i n b r e d s  A A 8  and 3 8 2 .  T h e  data f ro m  this s e r i e s  a r e
p r e s e n t e d  in T a b l e  2 6 .  It c a n  b e  s e e n  f ro m  the table  that the F i
#
h y b r id  co nta ined  the 3 8 2  phenotype ( 3 4 )  while the F 2  s e g r e g a t e d  
3 : 1  ( 3 4 : n u l l ) .  T h e  b a c k c r o s s  involving A A 8  s e g r e g a t e d  1 : 1  
( 3 4 : null) while the b a c k c r o s s  involving 3 8 2  did not s e g r e g a t e  but 
exhibited only i s o e n z y m e  3 4 .
In all of the a b o v e  s e r i e s ,  seedl ing  ro o t  t i s s u e  w a s  u s e d  a s  
the s o u r c e  of e n z y m e .  In no c a s e  w a s  an in b re d  found to conta in  
both i s o e n z y m e s  3 4  and 4 0 .
A  limited study of t h e s e  two i s o e n z y m e s  w a s  m ad e  using 
pollen a s  the t i s s u e  s o u r c e  (M a c d o n a ld ,  1 9 6 7  ) .  A  total of 61 
individual F 2  plants w e r e  a n a ly z e d  for  th e i r  3 4  and 40  s e g r e g a ­
t i o n s .  In b re d  A A l ,  containing 3 4 ,  and in b re d  A A 7 ,  containing 4 0 ,  
w e r e  c r o s s e d  and the re su l t in g  s e e d  planted.  T h i s  h y b r id  w a s  
se lf  poll inated at maturi ty  and the re su l t in g  F 2 s e e d  w a s  planted. 
A t  a n t h e s i s ,  61  of the F 2  plants w e r e  u s e d  a s  pollen s o u r c e s .  
P o l l e n  f ro m  the individual plants w a s  c o l le c te d  and a n a ly z e d .  T h e  
r e s u l t s  a r e  p r e s e n t e d  in T a b l e  2 7 .
M acd o na ld  ( 1 9 6 7 )  applied a  two g e n e  model to expla in  the 
r e s u l t s  o b s e r v e d  f ro m  the F 2  p lan ts .  Although null type individual 
s a m p l e s ,  that would h a v e  b e e n  e x p e c t e d  ( T a b l e  2 8 )  f ro m  the F 2
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T a b l e  2 6 .  O b s e r v e d  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A 8  ( H a w . )  and 3 8 2  ( P u r d u e )
P h e n o t y p e
C r o s s _____________________ 3 4 ______ Null T o t a l  R a t io ______ E x p e c t e d
A A 8  X A A 8 0 2 0 0 2 0 0
3 8 2  X 3 8 2 2 0 0 0 2 0 0
3 8 2 ' X A A 8 50 0 50
( 3 8 2  X A A 8 )  X ( 3 8 2  x  A A 8 ) 1 9 0 72 2 6 2 3 : 1 1 9 6 . 5 : 6 5 . 5 0 . 9 9 0 . 3 2
( 3 8 2  X A A S )  X A A 8 1 2 7 1 2 4 2 5 1 1 : 1 1 2 5 . 5 : 1 2 5 . 5 0 . 0 6 0 . 8 4
( 3 8 2  X A A 8 )  X 3 8 2 1 4 7 0 147
o
T a b l e  2 7 .  O b s e r v e d  E g  E s t e r a s e  R a t i o s  f r o m  P o l l e n  T i s s u e  D e r i v e d  f ro m  6 1  F 2  P l a n t s
Involving I n b r e d s  A A l  ( H a w . )  and A A 7  ( H a w . )
C r o s s
P h e n o t y p e  
3 4  3 4 + 4 0 4 0 T ota l R a t io E x p e c t e d  P
A A l  X A A l 20 0 0 20
A A 7  X A A 7 0 0 20 20
A A 7  X A A l 0 20 0 20




T a b l e  2 8 .  E x p e c t e d  E g  E s t e r a s e  R a t i o s  f ro m  P o l l e n  of 61  F p  
P l a n t s  Involving I n b r e d s  A A l  ( H a w . )  and A A 7  ( H a w . )  
F o l lo w i n g  a T w o  G e n e  Model
P h e n o t y p e s
3 4 + 4 0 3 4 4 0  Null X 2 P
O b s e r v e d 38 1 1 1 2  0 4 . 2 6 0 . 2 7
E x p e c t e d 3 4 . 4 1 1 . 4 1 1 . 4  3 . 8
population following a two g e n e  model w e r e  not found, the 
e x p e c t e d  ra t io  b a s e d  on  the two g e n e  model w a s  s ta t is t ica l ly  
s o u n d .  It i s  p r e s e n t l y  b e l i e v e d ,  h o w e v e r ,  on the b a s i s  of m o r e  
e x t e n s i v e  data  f ro m  diploid t i s s u e s ,  that the e s t e r a s e s  a r e  
c o n t r o l le d  b y  a s ing le  l o c u s .
I s o e n z y m e s  50  and 57  w e r e  found only  in the e n d o s p e r m  of 
m a i z e .  Of the 1 00  o r  s o  l in e s  e x a m in e d  h e r e ,  all of them c o n ­
ta ined e i t h e r  i s o e n z y m e  50  o r  57  but none  of them co nta ined  bo th .
G e n e t i c  c r o s s e s  w e r e  m a d e  b e t w e e n  the two i n b r e d s  A A 7  
and A A l  ( H a w . )  in an attempt to c la r i f y  the re la t io n s h ip  b e t w e e n  
t h e s e  two i s o e n z y m e s .  I n b r e d  A A l  co n ta in e d  i s o e n z y m e  57  while  
A A 7  co n ta in e d  i s o e n z y m e  5 0 .  It w a s  found that the F h y b r i d  
exhib i ted both i s o e n z y m e s ,  but two ph e n o ty p e s  w e r e  d i s c e r n i b l e  
depending on  the d i re c t io n  of the c r o s s .  When A A 7  w a s  u s e d  a s  
the fe m a le  p a r e n t  and A A l  u s e d  a s  the m ale  p a r e n t ,  t h e r e  w a s  
an  unequal staining of the two i s o e n z y m e s ,  s u c h  that i s o e n z y m e  50 
s ta ined  a p p r o x i m a te ly  t w ic e  a s  d a r k  a s  did i s o e n z y m e  5 7 .  In the 
r e c i p r o c a l  c r o s s  the r e v e r s e  w a s  t r u e .  I s o e n z y m e  57  a p p e a r e d  
to b e  t w i c e  a s  d a r k  a s  i s o e n z y m e  5 0 .
T h e  a p p a r e n t  'd o s a g e  effect '  c a n  b e  exp la in ed  by  the triploid 
n a t u r e  of the e n d o s p e r m . T h e  fe m a le  p a r e n t  c o n t r ib u t e s  two 
d o s e s  of g e n e t ic  informat io n to the e n d o s p e r m  while  the m ale  c o n ­
t r i b u t e s  a s ing le  d o s e .  O n e  might e x p e c t ,  t h e r e f o r e ,  that the 
h y b r id  involving A A 7 ,  u s e d  a s  the fe m a le  p a r e n t ,  would e x p r e s s
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the m a t e r n a l  c h a r a c t e r  ( i s o e n z y m e  5 0 )  tw ic e  a s  s t ro n g ly  a s  the 
m ale  p a r e n t  c h a r a c t e r  ( i s o e n z y m e  5 7 ) .  T h e  r e c i p r o c a l  c r o s s  
would b e  e x p e c t e d  to d e m o n s t r a t e  the r e v e r s e  phenotype .
T h e  r e s u l t s  of the g e n e t ic  c r o s s e s  involving t h e s e  two i s o ­
e n z y m e s  a r e  s h o w n  in T a b l e  2 9 .  It c a n  b e  s e e n  from  the table  
that the F 2  population s e g r e g a t e d  for  fo ur  distinct p h e n o ty p e s .
B o t h  p a re n ta l  ph e n o ty p e s  ( 5 0  and 5 7 )  w e r e  exhib i ted a s  well a s  
the two p h e n o ty p e s  noted in Fj^ r e c i p r o c a l  h y b r i d s .  T h e  hy b r id  
phenotype d e s ig n a te d  5 0 ^ - 5 7 ^ ^  o b s e r v e d  in the F 2  g e n e r a t io n  
m im ick e d  the phenotype of the F ^  h y b r id  in which  A A 7  w a s  u s e d  
a s  the f e m a l e .  T h e  o t h e r  h y b r id  phenotype of the F 2  g e n e r a t i o n  
d e s ig n a te d  a s  5 0 ' ^ - 5 7 ^  m im icked  the r e c i p r o c a l  F h y b r i d .
T h e  four p h e n o ty p e s  o c c u r r e d  in equal f r e q u e n c i e s  in the F 2  
g e n e r a t i o n ,  s e g r e g a t i n g  1 : 1 : 1 : 1 .  R e c i p r o c a l  b a c k c r o s s e s  w e r e  
m a d e  with both p a re n ta l  l i n e s .  T h e  table  s h o w s  that the r e c i p r o ­
c a l  b a c k c r o s s e s  involving p a r e n t  A A 7  s e g r e g a t e d  1 : 1  fo r  the 
p are n ta l  phenotype and the h y b r id  p h e n o ty p e s .  In the b a c k c r o s s  
involving A A 7  a s  the fe m a le  p a r e n t ,  it w a s  found that 1 : 1  ratio  
involved p a re n ta l  i s o e n z y m e  50  and the h y b r id  phenotype noted in 
A A 7  X A A l  F ^  h y b r i d s  ( 5 0 ' ^ - 5 7 ' '^ ) . T h e  r e c i p r o c a l  b a c k c r o s s  
s e g r e g a t e d  1 : 1  fo r  the p a re n ta l  phenotype ( 5 0 )  and the phenotype 
noted in the r e c i p r o c a l  F h y b r i d  ( 5 0 ^ ^ - 5 7 ^ ) .  In the r e c i p r o c a l  
b a c k c r o s s e s  involving in b re d  A A l ,  1 : 1  r a t i o s  Involving the 
p a re n ta l  phenotype ( 5 7 )  and the h y br id  pjhenotypes w e r e  noted .
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T a b l e  2 9 -  O b s e r v e d  E ^ o  E s t e r a s e  R a t i o s  f ro m  G e n e t i c  C r o s s e s  
Involving I n b r e d s  A A l  ( H a w . )  and A A 7  ( H a w . )
C r o s s  
F e m a l e  x  Male
P h e n o t y p e s
5QS 5 0 m + 5 7 w 5 0 w + 5 7 m 57-^ T o t a l R a t io E x p e c t e d P
0 0 0 1 0 0 1 0 0
1 0 0 0 0 0 1 0 0
0 0 1 0 0 0 1 0 0
0 1 0 0 0 0 1 0 0
6 2 58 6 6 70 2 56 1 : 1 : 1 : 1 6 4 : 6 4 : 6 4 : 6 4 1 . 2 5 0 . 7 ;
0 52 0 4 8  . 1 0 0 0 : 1 : 0 : 1 0 : 5 0 : 0 : 5 0 0 . 1 6 0 . 9 '
0 0 4 4 32 76 0 ; 0 : 1 : 1 . 0 : 0 : 3 8 : 3 8 1 . 9 0 0 . 6 (
75 0 67 0 1 4 2 1 : 0 : 1 : 0 7 1 : 0 : 7 1 : 0 0 . 4 5 0 . 9 :
36 4 2 0 0 78 1 : 1 : 0 : 0 3 9 : 3 9 : 0 : 0 0 . 4 0 0 . 9 :
A A l  X A A l  
A A 7  X A A 7  
A A l  X A A 7  
A A 7  X A A l
( A A 7  X A A l )  X ( A A 7  x  A A l )  
( A A 7  X A A l )  X A A l  
A A l  X ( A A 7 . X  A A l )
( A A 7  X A A l )  X A A 7  
A A 7  X ( A A 7  X A A l )
* s  = s t r o n g ,  m = m e d iu m ,  w — w e a k  sta ining i s o e n z y m e s .
When A A l  w a s  u s e d  a s  the fe m ale  p a r e n t ,  the h y b r id  phenotype 
5 0 'w_5 7 m s e g r e g a t e d  1 : 1  with i s o e n z y m e  5 7 .  T h e  r e c i p r o c a l  
c r o s s  s e g r e g a t e d  1 : 1  for  h y b r id  phenotype  5 0 ' ^ - 5 7 ' ^  and 
i s o e n z y m e  5 7 .
F r o m  the data  p r e s e n t e d  in the tab le  i f ' c a n  b e  s e e n  that by  
pooling the h y b r id  p h e n o ty p e s  in the F 2  g e n e r a t i o n  a ra t io  of 
1 : 2 : 1  i s  o b s e r v e d .  L i k e w i s e ,  in the b a c k c r o s s  g e n e r a t i o n s  the 
u s e  on  n o n - d e s ig n a t e d  h y b r id  p h eno ty pes  r e s u l t s  in 1 : 1  r a t i o s .
T h e  data  indicated  that t h e s e  two i s o e n z y m e s  a r e  co n tro l le d  by  
a l l e le s  of the s a m e  g e n e  acting  without d o m in a n c e .
T h e  f r e q u e n c i e s  of the two h y br id  p h eno ty pes  in the s e g r e ­
gating g e n e r a t i o n s  c a n  b e  a c c o u n te d  for  b y  the triploid n a t u r e  of 
the  t i s s u e  u n d e r  s tu d y .  T a b l e  30  i l lu s t r a t e s  the e x p e c t e d  r a t i o s  of 
all p h e n o ty p e s  noted in t h e s e  c r o s s e s  and is  b a s e d  on  an a lle lic  
m o d e l . T h e  tab le  i l lu s t r a t e s  why both h y b r id  p h e n o ty p e s  a r e  
noted in r e c i p r o c a l  b a c k c r o s s e s  and why the four  ph e n o ty p e s  
n o t e d  in  t h e  F £  g e n e r a t i o n  s e g r e g a t e  1 : 1 ; 1 : 1 .
I s o e n z y m e s  50  and 57 w e r e  a s s i g n e d  the E ^ q l o c u s .  T w o  
a l l e le s  w e r e  postu la ted ( E i Q ' ^  E j o ^ ) -  H o m o z y g o u s  E j q '^
e n d o s p e r m  s h o w s  only  i s o e n z y m e  5 0 .  H o m o z y g o u s  E ^ q  e n d o ­
s p e r m  s h o w s  only  i s o e n z y m e  5 7 .  T h e  h e t e r o z y g o t e  
E j^ q B  s h o w s  the 5 0 ^ 5 7 ^  phenotype while the h e t e r o z y g o t e  
E i o A e  s h o w s  the 5 0 v/5 7 s  p h e n o ty p e .
1 1 0
T a b l e  3 0 .  E x p e c t e d  E j[o  E s t e r a s e  R a t i o s  and P h e n o t y p i c  D i f f e r e n c e s  D u e  to the 
T r ip lo id  N a tu r e  of the E n d o s p e r m  f ro m  G e n e t i c  C r o s s e s  Involving I n b r e d s  
A A l  ( H a w . )  and A A 7  ( H a w . )  F o l lo w i n g  a  O n e  G e n e  Model
C r o s s  
F e m a l e  x  Male
E n d o s p e r m  
Ej^O G e n o t y p e *
P h e n o t y p i c  R a t i o * *
5 0 S  5 0 ^ + 5 7 ^  5 0 w + 5 7 m 5 7 s
A A l  X A A l  
A A l  X A A 7  
A A l  X A A 7  
A A 7  X A A l
( A A 7  X A A l )  X ( A A 7  x  A A l )  
( A A 7  X A A l )  X A A l  
A A l  X ( A A 7  X A A l )
( A A 7  X A A l )  X A A 7  
A A 7  X ( A A 7  X A A l )
B B B  0
A A A  1
A B B  0
A A B  0
A A A  A A B  A B B  B B B  1
A A B  B B B  0
A B B  B B B  0
A A A  A B B  . 1
A A A  A A B  1
* A A 1  = E i o ‘^ / E i o ® / E i o S ;  A A 7  -  E i q A / E i o ' ^ / E i o '^ .




























L - A S P A R T A T E : 2 - O X O G L U T A R A T E  
A M I N O T R A N S F E R A S E  I S O E N Z Y M E S
1 .  Introduct ion  and S ta in in g  T e c h n i q u e
T h e  t r a n s a m i n a s e s  i n t e r c o n v e r t  amino a c i d s  and keto  a c i d s .  
T h e  e n z y m e  h a s  b e e n  s h o w n  to r e q u i r e  p y r i d o x a l - 5 - p h o s p h a t e  a s  
a  c o f a c t o r .  G e n e r a l l y  s p e a k i n g ,  k e to g lu ta ra te  { 2 - o x o g l u t a r a t e ) 
s e r v e s  a s  the u n i v e r s a l  amino a c c e p t o r  in t r a n s a m i n a s e  r e a c t i o n s .  
A l m o s t  any amino ac id  c a n  b e  c o n v e r t e d  to its  keto  ac id  an a lo g u e  
in the p r e s e n c e  of k e t o g l u t a r a t e ,  the c o f a c t o r ,  and the a p p r o p r ia t e  
t r a n s a m i n a s e .  T h e  r e a c t i o n s  a r e  c o n s i d e r e d  r e v e r s i b l e  and 
s u p p o s e d ly  play an im portant  phy sio lo g ica l  r o l e  in maintaining the 
a p p r o p r i a t e  amino and k eto  ac id  b a l a n c e  fo r  the o r g a n i s m .
In the p r e s e n t  s tu d y ,  the t r a n s a m i n a s e  r e a c t i o n s  o b s e r v e d  
w e r e  l imited to r e a c t i o n s  in w hich  L - a s p a r t a t e  s e r v e d  a s  the 
amino d o n o r .  T h e  r e s t r i c t i o n  w a s  due to the s p e c i f ic i ty  of the 
staining te ch n iq u e  u s e d .  F a s t  V io le t  B  S a l t ,  u s e d  in the sta ining 
te ch n iq u e  i s  s p e c i f i c  fo r  the keto  ac id  an a lo g u e  of a s p a r t a t e  
( o x a l o a c e t a t e ) . S e v e r a l  keto  ac id  a c c e p t o r  s u b s t r a t e s  w e r e  u s e d ,  
k e t o g lu t a r a te  b e in g  found to b e  the m ost  e f fe c t iv e .
It will b e  s h o w n  that 13 t r a n s a m i n a s e  i s o e n z y m e s  e x is t  in 
m a i z e .  S e v e r a l  w e r e  found to o c c u r  in all t i s s u e s  e x a m i n e d .
T h e  g e n e t i c  c o n t r o l  of two t r a n s a m i n a s e  i s o e n z y m e s  which  p r o d u c e  
h y b r id  i s o e n z y m e s  i s  r e p o r t e d .
F o l l o w i n g  e l e c t r o p h o r e s i s  the gel  w a s  cut into identical  
h a l v e s  with a  c h e e s e  c u t t e r  and one  half w a s  p la c e d  in a  sh a l lo w  
t r a y  with the cut s u r f a c e  up.  T h e  staining te ch n iq u e  u s e d  in this  
s tudy w a s  a  modificat ion of the tech niqu e  d e s c r i b e d  b y  D e c k e r  and 
R a u  ( 1 9 6 3 ) .  T h e  following s t o c k  so lut ions  w e r e  p r e p a r e d :
1 )  P h o s p h a t e  b u f f e r ,  ( 0 . 2 M ,  pH 7 . 5 )
2 )  P y r i d o x a l - 5 - p h o s p h a t e ,  500  pg/ml
3 )  B o v i n e  albumin ( F r a c t i o n  5 ) ,  3 g / 1 0 0  ml
4 )  L - a s p a r t i c  a c id ,  0 .  2M ad ju sted  to pH 7 . 5  with N K O H
5 )  a lp h a -k e t o g lu t a r a t e  ( 2 - o x o g l u t a r i c  a c i d ) ,  O . I M  ad ju sted  
to pH 7 . 5  with N K O H
T h e  s t o c k  so lut ions  w e r e  s t o r e d  at 7 ° C  with the e x c e p t io n  of 
p y r i d o x a l - 5 - p h o s p h a t e  which  w a s  s t o r e d  f r o z e n .  Within an h o u r  
of u s e  the following solut ions  w e r e  p r e p a r e d :
D iazon iu m  sa l t  so lut ion :  T h i r t y  mg F a s t  V io le t  B  S a l t
( S i g m a  C h e m i c a l  C o . )  w a s  d i s s o lv e d  in 1 . 7  ml disti lled w a t e r .
S u b s t r a t e  so lu t io n :  T h e  following w e r e  c o m b in e d  and mixed
th o r o u g h ly :  2 5 0  mg polyvinyl p y rro l id in e  (MW 4 0 , 0 0 0 ) ,  5 . 5  ml
ph o sp h ate  b u f f e r ,  0 . 2  ml p y r i d o x a l - 5 - p h o s p h a t e  so lut ion ,  0 . 4  ml 
b o v in e  a lbumin so lut ion ,  1 . 7  ml L - a s p a r t a t e  so lut ion ,  and 0 . 5  ml 
k e t o g lu ta ra te  so lut ion .  T h e  diazonium salt  solut ion w a s  mixed 
with the s u b s t r a t e  solution and p o u re d  o v e r  the cut s u r f a c e  of the 
g e l . T h e  gel  s u r f a c e  w a s  kept s o a k e d  with the sta in ing solut ion 
b y  co l lec t in g  the solut ion that f lowed off the s u r f a c e  with a
113
m e d ic in e  d r o p p e r  and r e - a p p l y i n g  it on  the  s u r f a c e .  A p p r o x im a t e ly  
2 0  m inutes  at r o o m  t e m p e r a t u r e  w e r e  r e q u i r e d  fo r  incubat io n and 
r e s o lu t io n  of the i s o z y m e s  u s ing  this te c h n iq u e .
2 .  D e s c r i p t i o n  and O c c u r r e n c e
T h e r e  a p p e a r e d  to b e  ap p ro x im a te ly  13 i s o e n z y m e s  of L -  
a s p a r t a t e : 2 - o x o g l u t a r a t e  a m i n o t r a n s f e r a s e  in the m a i z e  m a ter ia l  
studied h e r e .  T h e  n u m b e r  of i s o e n z y m e s  in c o r n  c o n t r a s t s  with 
the sm al l  n u m b e r  of i s o e n z y m e s  in animal e x t r a c t s  ( M a r t i n e z -  
C a r r i o n  1 9 6 5 ,  1 9 6 7 ;  D e c k e r  and R a u ,  1 9 6 3 ;  Kitto ^  , 1 9 6 7 ) .
T h e  c o r n  m a t e r ia l  co n ta in e d  only anodal t r a n s a m i n a s e s  while 
animal t i s s u e s  conta in  both anodal and ca thodal  t r a n s a m i n a s e s .
T h i s  s e c t io n  will deal with a  s h o r t  d e s c r ip t io n  of the c o r n  
t r a n s a m i n a s e s  and the t i s s u e  spec i f ic i ty  of the i s o e n z y m e s .  T h e  
m o st  p ro m in en t  i s o e n z y m e  found in the c o r n  m a t e r ia l  ( i s o e n z y m e  
2 0 )  h a s  b e e n  d e s ig n a te d  a s  the r e f e r e n c e  i s o e n z y m e  and the 
m igra t ion  of all of the o t h e r  i s o e n z y m e s  a r e  r e p o r t e d  in re la t io n  
to the m igra t ion  of this i s o e n z y m e .  I s o e n z y m e  20  m i g r a t e s  65% of 
the d i s t a n c e  of the b r o w n  b o r a t e  front  at pH 8 . 2 .  It h a s  b e e n  
a s s i g n e d  a r e la t iv e  mobility v a lue  of 1 0 0 .
F i g u r e  16 i l lu s t r a t e s  the i s o e n z y m e s  found in m a i z e .  T h e  
f ig u re  in c lu d e s  the  n u m b e r s  a s s i g n e d  to the individual i s o e n z y m e s .  
F r o m  th is  f ig ure  it c a n  b e  s e e n  that the ti'‘a n s a m i n a s e s  could b e  
split up into two m a j o r  g r o u p s .  T h e  f a s t e r  migrat ing  g r o u p
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F i g .  1 6 .  A n  I l lustrat ion of the T r a n s a m i n a s e  
I s o e n z y m e s  of M a iz e .  T h e  a r r o w  in d ic a te s  
m igra t io n  t o w a r d s  the a n o d e .
inc luded i s o e n z y m e s  n u m b e r e d  1 5 - 5 0  and had r e la t iv e  mobility 
v a l u e s  ra n g in g  f ro m  1 0 2 - 7 5 .  T h e  s l o w e r  g r o u p  of i s o e n z y m e s  
had r e l a t i v e  mobility v a l u e s  r a n g in g  f ro m  4 8 - 2 8  and w e r e  n u m ­
b e r e d  f ro m  6 5 - 9 0 .  T h e  a r e a  b e t w e e n  the two g r o u p s  l a c k e d  any  
o b v io u s  t r a n s a m i n a s e  activity in all t i s s u e s  e x c e p t  m a t u r e  e n d o ­
s p e r m .  In m a t u r e  e n d o s p e r m ,  a  sm al l  amount  of t r a n s a m i n a s e  
activity w a s  noted in the fo rm  of v e r y  diffuse z o n e s .  D u e  to the 
d i f f u s e n e s s  and p o o r l y  defined n a t u r e  of t h e s e  z o n e s ,  i s o e n z y m e  
n u m b e r s  w e r e  not a s s i g n e d .
I s o e n z y m e  1 5 ,  ( R m  = 1 0 2 ) ,  w a s  w e a k ly  staining and is  
found only  in plumule and ro o t  t i s s u e  f ro m  young s e e d l i n g s .  It 
w a s  found in all i n b r e d s  t e s t e d .
I s o e n z y m e  2 0 ,  ( R m  1 0 0 ) ,  w a s  the m o st  p ro m in en t  i s o e n z y m e  
in the plant.  It w a s  found in all t i s s u e s  e x a m in e d  and w a s  s t r o n g ­
e s t  in m a t u r e  leaf  b l a d e s .
I s o e n z y m e s  2 5 ,  3 0 ,  and 3 5 ,  ( R m  9 5 ,  9 2 ,  and 8 9 ) ,  w e r e
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found in all t i s s u e s  t e s t e d .  T h e s e  i s o e n z y m e s  o c c u r r e d  in d e p e n ­
dently of o n e  a n o t h e r  in i n b r e d  l i n e s .  A l l  i n b r e d s  te s t e d  had o n e  
of the t h r e e  i s o e n z y m e s .
I s o e n z y m e  4 0 ,  ( R m  8 6 ) ,  w a s  found in m o st  of the t i s s u e s  
e x a m i n e d .  It w a s  s t r o n g e s t  in m a t u r e  leaf  b l a d e s  and w a s  found 
in all l in e s  t e s t e d .
I s o e n z y m e  4 5 ,  ( R m  8 1 ) ,  w a s  r e s t r i c t e d  to se e d l in g  plumule ,  
r o o t ,  and scu te l lu m  t i s s u e s .  M ost  i n b r e d s  te s t e d  co n ta in e d  this
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____________________________________________ T i s s u e s * _______________________________________________
I s o e n z y m e  1 2 3 4  5 6 7 8 9 10 11 12  13 1 4  15 16  17
15 w w O O O O w O O O  0 0 0 0 0 0 0 * *
20 w s m m w w s w w w  m w w m w w w
25 m s m m m m s w w w m m w s  s  m w
30 m s m m m m s w w w m m w s  s  m w
35 m s m m m m s w w w m m w s  s  m w
40 w m m m m m s w O O  m w w m m m w
4 5  m m O m O O O O O O  0 0 0 0 0 0 0
50  O m O O  O O s O O O  m O  0 0 0 0 0
65  O w O w O O O O O O  0 0 0 0 0 0  0
70 O w O w w O O O O O  0 0 0 0 0 0 0
75 s m m m w w s w O  O s  0 0 m s  m w
85 O O O w m O O O O O  0 0 0 0 0 0 0
90________ O O O w m O O O O O  0 0 0 0 0 0 0
* 1  = young r o o t  of se e d l in g  7 = m a t u r e  leaf  13  = m a t u r e  e a r
2 = plumule 8 = m a t u r e  r o o t  1 4  = t a s s e l  b r a n c h
3 = co leopt i le  9 = nodal a r e a  ( mi d plant)  15 = m a t u r e  a n t h e r
4  = scute l lum  10 = pith ( in te rn o d a l  a r e a  midplant)  16 = pollen
5 = m a t u r e  e n d o s p e r m  11 = h u s k  17  = adventit io us  r o o t
4^',•  ^ im m a tu re  e n d o s p e r m  12  = y ou n g  e a r
>!«:=0 = no s ta in ,  w = w e a k  s ta in ,  m = medium s t a in ,  s  = s t r o n g  s t a in .
Table 31.  O ccu rre n ce  of Transam inase Isoenzymes in Different T issu es  of Maize
I-*
-o
I s o e n z y m e  5 0 ,  ( R m  7 5 ) ,  w a s  found in plumule ,  leaf  b l a d e ,  
and h u s k  t i s s u e s  o n ly .  It w a s  re la t iv e ly  w e a k  and o c c u r r e d  in 
n e a r l y  all i n b r e d s  t e s t e d .
I s o e n z y m e  6 5 ,  ( R m  4 8 ) ,  w a s  a  re la t iv e l y  w e a k  i s o e n z y m e  
found o n ly  in plumule and scu te l lu m  t i s s u e s .  It w a s  p r e s e n t  in 
m o st  l i n e s  t e s t e d .
I s o e n z y m e  7 0 ,  ( R m  4 6 ) ,  w a s  r e s t r i c t e d  to plu mule ,  s c u t e l ­
lum and e n d o s p e r m  of se e d l in g  t i s s u e s .  It w a s  a w e a k  i s o e n z y m e  
o c c u r r i n g  in m o st  of the l in e s  s tudied.
I s o e n z y m e  7 5 ,  ( R m  4 3 ) ,  w a s  a s t r o n g  i s o e n z y m e  which  
o c c u r r e d  in m o st  t i s s u e s .  It w a s  s t r o n g e s t  in ro o t  t i s s u e ,  
a n t h e r s ,  m a t u r e  leaf  and h u s k .
I s o e n z y m e s  8 5  and 9 0 ,  ( R m  35  and 2 8 ) ,  w e r e  found only  in 
scute l lum  and e n d o s p e r m  of s o a k e d  s e e d .  T h e  d r y  s e e d  did not 
co nta in  t h e s e  i s o e n z y m e s .
T h e  plant t r a n s a m i n a s e s  h a v e  b e e n  the o b je c t  of m an y 
s tu d ies  o v e r  the p a s t  s e v e r a l  d e c a d e s  ( F o r  r e v i e w s  on  the s u b ­
j e c t  s e e  G r e e n  ^  , 1 9 4 5 ;  Wilson ^  , 1 9 5 4 ;  S t e w a r d  and
P o l l a r d ,  1 9 5 7 ;  Y e m m  and F o l k e s ,  1 9 5 8 ;  V i r t a n e n ,  1 9 6 1 ;
F o w d e n ,  1 9 6 7 ) .  It i s  g e n e r a l l y  a g r e e d  that the m o st  c o m m o n  
t r a n s a m i n a s e  r e a c t i o n s  involve  L -g lu ta r n a t e  and its  keto  acid  
a n a lo g u e  k e t o g lu t a r i c  a c i d .  A p p a r e n t l y ,  g lu tamate  s e r v e s  a s  an  
amino d o n o r  f o r  t r a n s a m i n a t i o n s  to the m a n y  k eto  a c i d s  r e p o r t e d
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involved in t r a n s a m i n a s e  r e a c t i o n s .  S i n c e  the r e a c t i o n  i s  r e v e r s ­
ib le ,  the  keto a c i d ,  k e t o g lu t a ra te  s e r v e s  a s  an  amino a c c e p t o r  for  
m o s t  of the amino a c i d s .  T h e  wide s c o p e  of t r a n s a m in a t io n  r e a c ­
tions w a s  f i rs t  outlined by  M e i s t e r  ( 1 9 6 7 )  and h a s  b e e n  added to 
o v e r  the y e a r s  b y  m any a u t h o r s  ( s e e  r e v i e w s ) .  T h e  keto a c i d s  
o c c u r r i n g  widely  in h i g h e r  plants w a s  tabula ted by  S t e w a r d  and 
P o l l a r d  ( 1 9 5 7 )  and s e r v e s  a s  an indication of the m a n y  p o s s ib le  
s u b s t r a t e s  fo r  the t ra n s a m in a t io n  r e a c t i o n s .
T h e  re la t io n s h ip  b e t w e e n  n i tra te  a s s im i la t io n ,  the c i t r i c  ac id  
c y c l e ,  and amino ac id  i n t e r c o n v e r s i o n s  i s  well  e s t a b l i s h e d  ( B o n n e r  
and V a r n e r ,  1 9 6 5 ) .  N i t r a t e ,  which  i s  the chief  fo rm  in which  
n i t ro g e n  i s  m ad e  a v a i lab le  to the plant,  i s  r e d u c e d  by  nit rate  
r e d u c t a s e  and the p a r t i c le  bound nitrite r e d u c t a s e  s e r i e s . T h e  
amm,onia re su l t in g  f ro m  this re d u c t io n  is  i n c o r p o r a t e d  a s  amino 
a c id  n i t ro g e n  in g lu tamate  by  glutamate d e h y d r o g e n a s e .  T h e  c i t ­
r a t e  c y c l e  r e a d i ly  su p p l ie s  k e to g lu ta ra te  n e e d e d  for  th is  i n c o r p o r a ­
tion along with o t h e r  keto  a c i d s  w hich  c a n ,  in t u r n ,  i n t e r a c t  with 
g lu tamate  th rou g h  t r a n s a m i n a t i o n s  to yield o t h e r  amino a c i d s .  T h e  
t r a n s a m i n a s e s  a p p e a r  to play an important phy sio lo g ica l  r o l e  by  
maintaining the p r o p e r  amino a c id  b a l a n c e  fo r  a  g iven  t i s s u e  
th rough th e i r  ability to i n t e r c o n v e r t  t h e s e  a c i d s .
In the p r e s e n t  study the technique  u s e d  to v is u a l iz e  the t r a n s ­
a m i n a s e s  r e q u i r e d  that o x a l o a c e t a t e  b e  a pro du ct  of the r e a c t i o n .  
T h e  sa l t  u s e d  to s ta in  the gel  ( F a s t  V io le t  B  S a l t )  i s  sp e c i f i c  for
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th is  keto  a c i d ,  h e n c e  a s p a r t a t e  consti tuted the amino d o n o r  in e a c h  
c a s e .  T h e  m o st  co m m o n ly  studied t r a n s a m i n a s e  i s  g lu tam ate :  
o x a l o a c e t a t e  t r a n s a m i n a s e  ( L - a s p a r t a t e  : 2 - o x o g I u t a r a t e  a m in o ­
t r a n s f e r a s e )  o r  s im ply  G O T  w h ich  in ter  c o n v e r t s  a s p a r t a t e  and 
g lu tamate  and th e i r  keto  ac id  a n a lo g u e s  o x a l o a c e t a t e  and k e t o -  
g lu t a r a t e .  T h e  p r e s e n t  study involved th is  e n z y m e  s i n c e  k e t o -  
g lu ta ra te  w a s  u s e d  a s  the amino a c c e p t o r .  T h e  s ta in  te ch n iq u e  
l imits the n u m b e r  of t r a n s a m i n a s e s  that c a n  b e  s tudied through its 
r e q u i r e m e n t  f o r  o x a l o a c e t a t e .  A  stain  s p e c i f i c  for  glutamate  would 
b e  p r e f e r r e d  s i n c e  k e to g lu ta ra te  will s e r v e  a s  the amino a c c e p t o r  
in n e a r l y  all of the t r a n s a m in a t io n  r e a c t i o n s  d e s c r i b e d .  F u r t h e r ­
m o r e ,  m a n y  keto  a c i d s  a r e  not ava i lab le  c o m m e r c i a l l y .
G e n e r a l l y  s p e a k i n g ,  the g r e a t e s t  amount of t r a n s a m i n a s e  
activity w a s  found in leaf and shoot  t i s s u e .  T h e s e  t i s s u e s  h a v e  
b e e n  r e p o r t e d  to co nta in  m ost  of the n i t ra te  ass im i la t io n  m a c h i n e r y  
(n i t ra te  r e d u c t a s e ,  nitr ite  r e d u c t a s e ,  g lu tamate  d e h y d r o g e n a s e )  
( H a g e m a n  ^  , 1 9 6 7 ;  B e e v e r  ^  a l .  , 1 9 6 5 ;  R i e s  ^  , 1 9 6 7 ;
R i t e n o u r  ^  al_. , 1 9 6 7 ;  T w e e d y  and R i e s ,  1 9 6 7 ;  B u l e n ,  1 9 5 6 ;  
K e s s l e r ,  1 9 6 4 ) .  O t h e r  t i s s u e s  not contain ing c h l o r o p h y l l , and 
a ls o  m i c r o o r g a n i s m s ,  conta in  the m a c h i n e r y  fo r  the pro du ct ion  of 
g lutamate  f ro m  k e to g lu ta ra te  and ni trate  ( s e e  r e v i e w s ) .  It i s  not 
s u r p r i s i n g  then to find t r a n s a m i n a s e s  in all of the t i s s u e s ,  n o r  is  
it s u r p r i s i n g  to find m o r e  in leaf  t i s s u e  than o t h e r  t i s s u e s .
Nothing definite c a n  b e  sa id  about the individual i s o e n z y m e s  f ro m
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a  phy s io lo g ica l  s e n s e  o t h e r  than that t i s s u e s  contain ing the g r e a t e s t  
amount of n it rate  a s s i m i l a t o r y  m a c h i n e r y  a l s o  a p p e a r  to conta in  the 
g r e a t e s t  amount of t r a n s a m i n a s e  act ivi ty.  I s o e n z y m e  50  i s  unique 
to the l e a f ,  h u s k ,  and plumule t i s s u e s  and p e r h a p s  it p lay s  a  r o l e  
in a  s p e c i f i c  i n t e r c o n v e r s i o n  of amino a c i d s  r e q u i r e d  in t h o s e  t i s ­
s u e s ,  but p e r h a p s  not r e q u i r e d  in o t h e r  t i s s u e s .  S i m i l a r l y ,  i s o ­
e n z y m e s  p e c u l i a r  to the ro o t  o r  s o m e  o t h e r  t i s s u e  m a y  m ediate  a 
r e q u i r e d  amino ac id  b a l a n c e  s p e c i f i c  fo r  that t i s s u e .
I s o e n z y m e s  2 0 ,  2 5 ,  3 0 ,  and 35  w e r e  found to o c c u r  in all 
t i s s u e s  e x a m i n e d .  A s  will b e  pointed out b e l o w ,  i s o e n z y m e  20  
w a s  the only  o n e  of t h e s e  four  i s o e n z y m e s  that exhib i ted a  s p e c i ­
ficity f o r  k e t o g lu t a r a te  w h e r e a s  the o t h e r  t h r e e  i s o e n z y m e s  w e r e  
ab le  to utilize s e v e r a l  keto  a c i d s  a s  amino a c c e p t o r s  f ro m  
a s p a r t a t e .  T h e  fac t  that 3 of the fo u r  i s o e n z y m e s  w h ic h  exhibit  
no t i s s u e  sp e c i f ic i ty  a l so  h a v e  a g e n e r a l  t r a n s a m in a t in g  ability m ay  
b e  c o in c i d e n ta l ,  bu t ,  on  this b a s i s ,  the t r a n s a m i n a s e s  c a n  b e  split 
up into two m o r e  o r  l e s s  dist inct c l a s s e s .  It a p p e a r s  a s  th ough,  
with the  e x c e p t io n  of I s o e n z y m e  2 0 ,  the n o n s p e c i f i c  t r a n s a m i n a s e s  
o c c u r  in all t i s s u e s  while  the s p e c i f i c  t r a n s a m i n a s e s ,  with the 
e x c e p t i o n  of i s o e n z y m e  2 0 ,  a r e  r e s t r i c t e d  to c e r t a i n  t i s s u e s  ( a r e  
t i s s u e  s p e c i f i c ) .  T h e  n o n s p e c i f i c  t r a n s a m i n a s e s ,  w h ich  utilize 
s e v e r a l  keto  a c i d s  a s  a c c e p t o r s ,  m a y  play a  ' g e n e r a l '  amino ac id  
i n t e r c o n v e r s i o n  r o l e  which  is  p e r h a p s  phy s io lo g ica l ly  im portant  to 
all t i s s u e s .  O n  the  o t h e r  h a n d ,  the s p e c i f i c  i s o e n z y m e s  utilizing
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only  k e t o g lu ta ra te  a s  an  a c c e p t o r ,  which a r e  r e s t r i c t e d  to c e r t a i n  
t i s s u e s ,  m a y  m ediate  a  highly sp e c i f i c  t r a n s a m in a t io n  r e q u i r e d  in 
th o s e  t i s s u e s  contain ing the i s o e n z y m e s .
3 .  C h a n g e s  D u r in g  G e r m in a t io n  and D ev e lo p m e n t
M a tu re  s e e d s  of s e v e r a l  i n b r e d  l in e s  of m a i z e  w e r e  te s t e d  at 
v a r y in g  s t a g e s  of g e rm in a t io n  to d e te rm in e  what c h a n g e s ,  if a n y ,  
o c c u r r e d  in the t r a n s a m i n a s e  i s o e n z y m e  s p e c t r u m .  T h e  s e e d  w a s  
s o a k e d  fo r  2 4  h o u r s  in running t a p - w a t e r  at r o o m  t e m p e r a t u r e  and 
th en  t r a n s f e r r e d  to petr i  d i s h e s  containing m o is ten e d  fi lter p a p e r .  
T b e  petr i  d i s h e s  w e r e  initially mainta ined in the d a r k  but w e r e  
t r a n s f e r r e d  to the b e n c h t o p ,  and light, on  the th ird day  of g e r m i ­
nat ion.  T h e  2 4  h o u r  s o a k in g  p e r io d  const ituted the f i r s t  day  of 
g e r m i n a t i o n .
T i s s u e  s a m p l e s  of d r y  s e e d ,  s e e d  s o a k e d  f o r  2 4  h o u r s  in 
tap w a t e r ,  and s e e d  mainta in ed in m o is ten e d  petr i  d i s h e s  for  2 4 ,  
4 8 ,  7 2 ,  9 6 ,  1 2 4 ,  and 1 4 4  h o u r s  w e r e  te s t e d  f o r  t r a n s a m i n a s e  
act ivity using  s t a r c h  gel  e l e c t r o p h o r e s i s .  S c u t e l l u m  and e n d o ­
s p e r m  t i s s u e s  w e r e  te s t e d  at m o s t  of the different s t a g e s  of g e r m ­
ination.  D u e  to the smal l  s i z e  of the r o o t  and plumule t i s s u e s  at 
e a r l y  s t a g e s  of g erm .in a t io n , t h e s e  t i s s u e s  w e r e  not te s ted  in d e ­
pendently  until the fourth day of g e rm in a t io n  ( th ird  day following 
t r a n s f e r  to the petr i  d i s h e s ) .  T h e  e n t i re  e m b r y o  a x i s  w a s  te s t e d  
on  the th ird day  of g e r m in a t io n .  All  t i s s u e s  w e r e  c a r e fu l l y
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s e p a r a t e d  from  o n e  a n o t h e r  and w a s h e d  in distil led w a t e r  p r i o r  to 
e x t r a c t i o n .
F i g u r e  17 i l lu s t r a t e s  the t r a n s a m i n a s e  p a t t e r n s  of in b re d  
A A 6  ( H a w . )  at different s t a g e s  of g e r m in a t io n .  It c a n  b e  s e e n  
f ro m  the f ig u re  that i s o e n z y m e s  6 5  and 70  w e r e  noted in scute l lum  
t i s s u e  throughout  the germ in at io n  pe r io d  of the e x p e r i m e n t .  T h e  
e m b r y o  a x i s  ( th ird  day of g e r m in a t io n )  l a c k e d  t h e s e  i s o e n z y m e s .  
I s o e n z y m e  70  f i r s t  a p p e a r e d  in the plumule on  the fourth day of 
g e r m in a t io n .  It w a s  a l so  noted in this  t i s s u e  on the fifth day of 
g e rm in a t io n  but d i s a p p e a r e d  ag a in  on the sixth day of g e r m in a t io n ,  
and w a s  m is s in g  o n  the s e v e n t h  d a y .  T h e  young ro o t  t i s s u e  
failed to dev elop  e i t h e r  i s o e n z y m e  6 5  o r  70  during the g e rm in a t io n  
p r o c e s s .
I s o e n z y m e  75  w a s  s t r o n g e s t  in the scu te l lu m  t i s s u e  at all 
s t a g e s  of g e r m i n a t i o n .  W h e r e a s  the act ivity of this i s o e n z y m e  
a p p e a r e d  to maintain  a  s t e a d y  high level  in the scu te l lu m  th r o u g h ­
out the g e rm in a t io n  p r o c e s s ,  t h e r e  w a s  a  no t ic eab le  d e c r e a s e  in 
the leve l  of activi ty of this i s o e n z y m e  in the plumule and ro o t  t i s ­
s u e s  with i n c r e a s i n g  a g e  of the s e e d l in g .  O n the se v e n t h  day of 
g e rm in a t io n  the act ivity of this  i s o e n z y m e  w a s  v e r y  w e a k  in the 
e m b r y o  a x i s  t i s s u e s .
I s o e n z y m e s  20  and 35  maintained a high level of act ivity in 
the scu te l lu m  throughout  the g e rm in a t io n  p e r io d  s tudied .  T h e  
r o o t  t i s s u e ,  o n  the o t h e r  h a n d ,  exhibi ted a n o t ic ea b le  d e c r e a s e  in
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F i g .  1 7 .  C h a n g e s  in the T r a n s a m i n a s e  I s o e n z y m e  P a t t e r n s  of 
T i s s u e s  f ro m  G e rm in a t in g  S e e d  of I n b r e d  A A 6  ( H a w . )  D u r in g  
D e v e lo p m e n t  of the S e e d l i n g .
* S c u t e I l u m  t i s s u e  of ( 1 )  1 - d a y  old ,  ( 2 )  3 - d a y  o ld ,  ( 3 )  4 - d a y  o ld ,  
( 4 )  5 - d a y  o ld ,  ( 5 )  6 - d a y  o ld ,  ( 6 )  7 - d a y  old s e e d l i n g s ;  ( 7 )  e m b r y o  
a x i s  of 3 - day  old s e e d l in g ;  ro o t  t i s s u e  of ( 8 )  4 - d a y  o ld ,  ( 9 )  5 -  
day  ol d,  ( 1 0 )  6 - d a y  o ld ,  ( 1 1 )  7 - d a y  old seedlings,"  plumule t i s s u e  
of ( 1 2 )  4 - d a y  o ld ,  ( 1 3 )  5 - d a y  o ld ,  ( 1 4 )  6 - d a y  o ld ,  and ( 1 ^ )  7 -  
day old s e e d l i n g s .
I s o e n z y m e  4 5  w a s  lack in g  in the scute l lum  of d r y  s e e d  but 
exhib i ted s t r o n g  act iv i t ies  in th is  t i s s u e  at the 3 -  and 4 - d a y  old 
s t a g e  of g e r m in a t io n .  T h e  fifth day of g e rm in a t io n  s h o w e d  an o b ­
v iou s  d e c r e a s e  in activity for  this  i s o e n z y m e  in the scu te l lu m  and 
a  c o m p le te  l a c k  of activity fo r  this i s o e n z y m e  w a s  noted in d a y s  6 
and 7 .  T h i s  s a m e  i s o e n z y m e  exhib i ted w e a k  activity in the 
plumule on the th i r d  day of g e r m in a t io n  but w a s  la c k in g  at all o t h e r  
s t a g e s  .
I n b r e d  A A 8  ( H a w . )  exhib i ted s i m i l a r  r e s u l t s  in the t i s s u e s  
m ent ioned a b o v e  o v e r  the s a m e  p e r i o d s  of g e r m in a t io n  but d if fered 
f r o m  i n b r e d  A A 6  in the t ra n s a m in a t io n  s p e c t r u m  of its  e n d o s p e r m . 
F i g u r e  18 i l lu s t r a t e s  the t r a n s a m i n a s e  i s o e n z y m e s  of i n b r e d s  A A 8  
and A A 6  d e r i v e d  f r o m  e n d o s p e r m  t i s s u e  g r o w n  fo r  5 d a y s .  It 
c a n  b e  s e e n  f ro m  the f ig u re  that both i n b r e d  l in e s  exhib i ted a 
g e n e r a l  l o s s  of t r a n s a m i n a s e  activity during g e r m in a t io n .  T h e  
e n d o s p e r m  of in b r e d  A A 6  l a c k e d  i s o e n z y m e  3 5 .  T h e r e  w a s  a 
diffuse a r e a  of act ivity  in the g e n e r a l  a r e a  of i s o e n z y m e  3 5  but it 
did not a p p e a r  to b e  this i s o e n z y m e  due to its d is p la c e m e n t  and ill 
definition. I n b r e d  A A 6  co n ta in e d  a well  defined i s o e n z y m e  35  
w hich  lo s t  n e a r l y  all of i ts  activity a s  the s e e d  u n d e r w e n t  g e r m i ­
nat ion .  It w a s  s t r o n g e s t  in the d ry  s e e d  but d ro p p e d  off s h a r p l y  
in activi ty in the g e rm in a t in g  s e e d .  B o t h  i n b r e d s  exhib i ted a 
s h a r p  d e c r e a s e  in activity of i s o e n z y m e  20  wdth i n c r e a s i n g  a g e .
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the activity of these isoenzymes during the germination p ro c e ss .
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F i g .  1 8 .  C h a n g e s  in the T r a n s a m i n a s e  I s o e n z y m e  P a t t e r n s  of 
E n d o s p e r m  f ro m  G e r m in a t in g  S e e d s  of I n b r e d s  A A 8  ( H a w . )  
and A A 6  ( H a w . )  D u r in g  D e v e lo p m e n t  of the S e e d l i n g .
^ E n d o s p e r m  f ro m  ( 1 )  d r y  s e e d  and fro m  ( 2 )  1 - d a y  ol d,  ( 3 )  2 - d a y  
o ld ,  ( 4 )  3 - d a y  o ld ,  ( 5 )  4 - d a y  ol d,  and ( 6 )  5 - d a y  old s e e d l i n g s .
T h e  d r y  s e e d  e n d o s p e r m  of both i n b r e d s  exhibited the s t r o n g e s t  
amount of act ivity for  this i s o e n z y m e .  T h e r e  w a s  a s t r o n g  d e ­
c r e a s e  in the act ivity of this  i s o e n z y m e  f ro m  day  o n e  through day 
fo ur  and a lm ost  no activity at all on the fifth day of g e r m in a t io n .  
I n b r e d  A A 6  d e m o n s t r a t e d  a l o s s  of act ivity fo r  i s o e n z y m e  75 
throughout  the g e r m in a t io n  p r o c e s s .  I n b r e d  A A 8  exhib i ted a 
co m p le te  l o s s  of activity f o r  this i s o e n z y m e  within the f i r s t  two 
d a y s  of g e r m in a t io n .  T h e  l o s s  of activity of this i s o e n z y m e  on the 
th ird day of g e rm in a t io n  w a s  c o n t r a s t e d  with the a p p e a r a n c e  of 
i s o e n z y m e  8 5 .  I s o e n z y m e  85  f i r s t  exhib i ted activity on  the s e c o n d  
day of g e r m in a t io n  in in b re d  A A 8  and i n c r e a s e d  in activity on  the 
th ird d a y .  T h e  i n c r e a s e d  activity w a s  mainta in ed th rou g h the 
fourth day but d ro p p e d  off s h a r p l y  on the fifty day of g e r m in a t io n .
It i s  a p p a r e n t  f r o m  the p r e s e n t  s tu d ies  that d r a m a t i c  c h a n g e s  
in the s p e c t r u m  of t r a n s a m i n a s e s  f ro m  the different t i s s u e s  of 
g erm in a t in g  s e e d s  do o c c u r .  T h e  s ig n i f i c a n c e  of the c h a n g e s  a r e  
b e t t e r  u n d e r s t o o d  in light of m e tab ol ic  c h a n g e s  noted in g erm in a t in g  
s e e d s  of v a r i o u s  c e r e a l s .
It w a s  found that in g erm in a t in g  oat s e e d l in g s  (A lb a u m  and 
C o h e n ,  1 9 4 3 )  t r a n s a m i n a s e  activity p r e c e d e d  the s y n t h e s i s  of 
p rote in  b y  a p p ro x im a te ly  2 4  h o u r s .  A  su d d e n  i n c r e a s e  in pro te in  
s y n t h e s i s  beginning at about 72  h o u r s  following g e r m in a t io n ,  w a s  
p r e c e d e d  b y  about 24  h o u r s  by  an i n c r e a s e  in t r a n s a m i n a s e  
activity and the  level of so lub le  n i t r o g e n .  T h e  so lub le  n i t rogen
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w a s  p r e s u m a b l y  d e r iv e d  I rom  s t o r a g e  pro te in  through the act ion 
of p r o t e a s e s .  T h e y  co n c lu d e d  that c e r t a i n  l e v e l s  of so lub le  n i t r o ­
g e n  and t r a n s a m i n a s e  activity w e r e  r e q u i r e d  p r i o r  to the s y n t h e s i s  
of n e w  p r o t e i n s .
D u r in g  g e r m in a t io n ,  t h e r e  i s  a t r a n s f e r ' o f  o r g a n i c  n i t rog e n  
f ro m  the e n d o s p e r m  to the developing e m b r y o .  In both b a r l e y  
( F o l k e s  and Y e m m ,  1 9 5 8 )  and p e a  ( D a n i e l s o n ,  1 9 5 1 ) ,  sp e c i f i c  
s t o r a g e  p r o t e in s  in the e n d o s p e r m  a p p e a r e d  to b e  am o ng  the f i r s t  
co n s t i tu en ts  of th is  t i s s u e  to d i s a p p e a r .  T h e  i m p o r t a n c e  of s u c h  
s t o r a g e  pro te in  in the dev elo pm ent  of the e m b r y o  w a s  i l lustrated  
b y  the fact  that e x c i s e d  e m b r y o s  of oat and b a r l e y  ( F o l k e s  and 
Y e m m ,  1 9 5 8 )  g r o w  v e r y  p o o r ly  on a  s u g a r  m e d iu m .  T h e  
g ro w th  of t h e s e  e x c i s e d  e m b r y o s  w a s  i n c r e a s e d  significantly  by  
the addition of amino a c i d s  to the g ro w th  m e d ia .  T h i s ,  in addition 
to indicating that the e n d o s p e r m  n o rm a l ly  su p p l ie s  amino a c i d s ,  
indicated  that the e m b r y o  w a s  in c a p a b le  of ad e qu ate ly  co n v e r t in g  
enough c a r b o h y d r a t e  into the r e q u i r e d  amino a c i d s .  T h e  fact  that 
v e r y  little label  w a s  found in the prote in  p r o d u c e d  by e x c i s e d  
c e r e a l  e m b r y o s  supplied with C - 1 4  labe l led  g l u c o s e  ( E d e l m a n  
^ .  , 1 9 5 9 ) s u p p o r t s  this content ion .
E x c i s e d  m a i z e  e m b r y o s ,  on the o t h e r  h a n d ,  a p p e a r  to s h o w  
n e a r  n o r m a l  i n c r e a s e s  in d r y  weight  and shoot e longat io n w h e n  
supplied with g l u c o s e  ( D u r e ,  1 9 6 0 a ,  b )  and h a v e  e v e n  b e e n  
g r o w n  to maturi ty  ( A n d r o n e s c u ,  1 9 1 9 ) .  T h i s  would a p p e a r  to b e
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an e x c e p t i o n  f ro m  the g e n e r a l  r u le  that o r g a n i c  n i t ro g e n  i s  d e r iv e d  
chiefly  f ro m  the e n d o s p e r m .  N a s o n  ( 1 9 5 0 ) ,  h o w e v e r ,  s h o w e d  
that the e x c i s e d  m a i z e  e m b r y o s  co nta ined  a b n o r m a l ly  low c o n c e n ­
t r a t io n s  of t ry p to p h a n .  T h i s  o b s e r v a t i o n  w a s  e x p a n d e d  by  O a k s  
and B e e v e r s  ( 1 9 6 1 a )  who found that e x c i s e d '  m a i z e  e m b r y o s  c o n ­
ta ined d r a s t i c a l l y  r e d u c e d  l e v e l s  of p r o t e in .  O a k s  and B e e v e r s  
( 1 9 6 4 a )  w ent  on  to b e t t e r  define the i m p o r t a n c e  of the o r g a n i c  
n i t ro g e n  t r a n s f e r  f r o m  e n d o s p e r m  to e m b r y o . T h e y  found that the 
p r o c e s s  of p o ly m e r iz a t io n  of amino a c i d s  in the e x c i s e d  e m b r y o s  
to fo rm  pro te in  w a s  not a f fec ted  p e r  s e , but that the p r o c e s s  w a s  
limited b y  the r e d u c e d  l e v e l s  of amino a c i d s  in e x c i s e d  e m b r y o s .  
B y  supplying the a p p r o p r i a t e  l e v e l s  of L - a m i n o  a c i d s  to the 
e x c i s e d  e m b r y o s ,  n o r m a l  l e v e l s  of prote in  n i t ro g e n  w e r e  a p p r o x i ­
m a te d .  It w a s  t h e i r  c o n c lu s io n  that the e n d o s p e r m  w a s  the chief  
s o u r c e  of o r g a n i c  n i t rog e n  r e q u i r e d  for  n o rm a l  g r o w th  of the 
e m b r y o  .
C e r e a l  e m b r y o s  do maintain a  s i z a b l e  amino ac id  pool a s
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w a s  s h o w n  by  O a k s  and B e e v e r s  ( 1 9 6 4 a )  fo r  c o r n ,  b y  W e is m a n n  
( 1 9 5 9 )  fo r  w h e a t  and by  B r o w n  ( 1 9 4 6 )  and F o l k e s  and Y e m m  
( 1 9 5 8 )  fo r  b a r l e y .  T h e s e  p o o ls ,  h o w e v e r ,  w e r e  s o o n  depleted 
of th e i r  amino a c i d s  in the a b s e n c e  of the e n d o s p e r m .  T h e  
p r e s e n t  study h a s  s h o w n  that t ra n s a m in a t io n  took p l a c e  in the 
e n d o s p e r m  of g e rm in a t in g  m a iz e  k e r n e l s .  T h e  c h a n g e s  in the 
l e v e l s  of t r a n s a m i n a s e  act ivity in this t i s s u e  during the g e rm in a t io n
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p r o c e s s  indicated  different l e v e l s  of amino ac id  i n t e r c o n v e r s i o n s  at 
different a g e s  of the developing s e e d l in g .  T h e  h i g h e r  l e v e l s  of 
activity in the e a r l y  s t a g e s  of g e rm in a t io n  a s  noted in the p r e s e n t  
study a r e  in a g r e e m e n t  with the  data p r e s e n t e d  by  A lb a u m  and 
C o h e n  ( 1 9 4 3 ) .  O n e  might postu la te  that pro teo ly t ic  b r e a k d o w n  of 
the s t o r a g e  p r o t e i n s  of the e n d o s p e r m  in v o lv e s  a  m o r e  o r  l e s s  
s im u l ta n e o u s  i n t e r c o n v e r s i o n  of amino a c i d s  s u c h  that the 'b a l a n c e  
of amino a c id s '  and keto  a c i d s  f a v o r s  t r a n s p o r t a t i o n  to the e m b r y o .
T h e r e  a p p e a r s  to b e  a c e r t a i n  amount of d e b ate  with r e s p e c t  
to the  e s s e n t i a l  r o l e  of the e n d o s p e r m  in supplying o r g a n i c  n i t r o ­
g e n  fo r  the developing e m b r y o . In the light of the e x p e r i m e n t s  
c o n d u c te d  by  B r o w n  and M o r r i s  ( 1 8 9 0 ) ,  w h e r e  s t a r c h  p a s te  
applied to the a b s o r b i n g  s u r f a c e  of the e x c i s e d  e m b r y o  of g e r m i ­
nating b a r l e y  could  r e p l a c e  the e n d o s p e r m ,  and the fact  that 
A n d r o n e s c u  ( 1 9 1 9 )  d e m o n s t r a t e d  that m a i z e  e m b r y o s  (with 
a t tached  sc u te l lu m )  could d e v e lo p  into a n o rm a l  m a t u r e  plant w h e n  
s e p a r a t e d  f ro m  the e n d o s p e r m  and supplied with s u c r o s e  indicated  
that the r o l e  of the e n d o s p e r m  might m o r e  p r o p e r l y  b e  to supply  
c a r b o h y d r a t e .
D u r e  ( 1 9 6 0 a )  s h o w e d  that the sc u te l lu m ,  r a t h e r  than the 
e n d o s p e r m ,  s e r v e d  a s  the s o u r c e  of nutr ient  f o r  the e m b r y o  a x i s  
in the e a r l y  s t a g e s  of d e v e lo p m e n t .  U s in g  e x c i s e d  e m b r y o s  
( s c u te l lu m  in tact )  h e  noted that the scute l lum  lost  79% of i ts  total 
n i t ro g e n  by  the 12th day of g e r m in a t io n .  On the o t h e r  h an d ,  in
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the intact  k e r n e l ,  the scute l lum  lost  only 27% of its total n i t r o g e n .  
In the in tact  k e r n e l  t h e r e  w a s  an initial lag  p e r io d  in w hich  n i t r o ­
g e n  w a s  not lost  f ro m  the e n d o s p e r m .  In fa c t ,  o n  the th ird day 
of g e r m in a t io n ,  the n i t rogen  level of the e n d o s p e r m  had  i n c r e a s e d  
a b o v e  the level of total n i t ro g e n  in the e n d o s p e r m  of the f i r s t  d a y .  
It would a p p e a r ,  t h e r e f o r e ,  that the e n d o s p e r m  s e r v e s  to co m p l i ­
ment the scu te l lu m  with r e s p e c t  to the supply of o r g a n i c  n i t ro g e n  
fo r  the e m b r y o .  When p r e s e n t ,  the e n d o s p e r m  c l e a r l y  su p p l ie s  
n i t ro g e n  to the e m b r y o  a f ter  an initial lag  p e r i o d . T h e  scute l lum  
would a p p e a r  to s e r v e  a s  the initial s o u r c e  of n i t ro g e n  in the 
p r e s e n c e  of e n d o s p e r m  and a s  the chief  s o u r c e  of n i t ro g e n  in the 
a b s e n c e  of e n d o s p e r m  f o r  the e m b r y o .
A s  w a s  noted in the p r e s e n t  e x p e r i m e n t ,  the scute l lum  c o n ­
ta ined the g r e a t e s t  amount of t r a n s a m i n a s e  activity of the t i s s u e s  
s u r v e y e d  in the g erm in a t in g  k e r n e l .  T h e  d r a m a t i c  c h a n g e s  noted 
in the s p e c t r u m  of t r a n s a m i n a s e s  in the scu te l lu m  would s e e m  to 
b e a r  out the id e a  that the scute l lum  is  a dynam ic  t i s s u e  int imately 
involved with the initial nutrit ion of the e m b r y o  and the e la b o ra t io n  
of amino a c i d s  d e r iv e d  f ro m  the e n d o s p e r m .  T h e  l e s s e r  amount 
of t r a n s a m i n a s e  in the a x i s ,  e s p e c i a l l y  the ro o t  t i s s u e ,  would b e  
in a g r e e m e n t  with the id e a  that m o st  of the amino a c i d s  p r e s e n t  
in the ro o t  a r e  t r a n s p o r t e d  ( O a k s ,  1 9 6 5 )  f ro m  o t h e r  p a r t s  of the 
plant.  T h e  i s o e n z y m e s  p r e s e n t  in the r o o t  m a y  b e  involved with 
amino a c id  i n t e r c o n v e r s i o n s  r e q u i r e d  for  the s y n t h e s i s  of s p e c i f i c
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p r o t e in s  unique to that t i s s u e  and m o r e  g e n e r a l  m e tab o l ic  path­
w a y s  .
4 .  S u b s t r a t e  Util ization
In g e n e r a l ,  the t r a n s a m i n a s e s  of plants and a n im a ls  h a v e  
b e e n  s h o w n  to b e  sp e c i f i c  fo r  the L - a m i n o  a c i d s  (W e s t  ^  ,
1 9 6 6 ) .  E x c e p t i o n s  to this  g e n e r a l  r u le  w e r e  noted in b a c t e r i a  by  
T h o r n e  ^  ( 1 9 5 5 ) .  U s in g  c r u d e  cell  f r e e  e x t r a c t s  of B a c i l l u s
subtil is  a  s e r i e s  of t ra n s a m in a t io n  r e a c t i o n s  involving D - a m i n o  
a c i d s  w e r e  d e m o n s t r a t e d .  D -g lu t a m ic  ac id  w a s  s y n t h e s i z e d  f ro m  
k e t o g lu t a r ic  ac id  and D - a s p a r t i c  ac id  and a lso  f ro m  k e to g lu ta r ic  
ac id  and D - a l a n i n e .  T h e  r e v e r s e  r e a c t i o n s  w e r e  d e m o n s t r a t e d  
w h e n  D - a s p a r t i c  ac id  w a s  s y n t h e s iz e d  f ro m  D - g l u t a m i c  ac id  and 
o x a l o a c e t i c  a c id  and w h e n  D - a l a n i n e  w a s  s y n t h e s i z e d  f ro m  D -  
glutamic ac id  and p y r u v ic  a c id .  T h o r n e  and M o ln ar  ( 1 9 5 5 )  
d e m o n s t r a t e d  the s a m e  r e a c t i o n s  in s im i la r  e x t r a c t s  of B a c i l l u s  
a n t h r a c i s . B o t h  of t h e s e  b a c t e r i a  conta in  D -g lu t a m ic  ac id  r e s i ­
du e s  in c a p s u l a r  polypeptides  and T h o r n e  and M o ln a r  ( 1 9 5 5 )  p o s ­
tulated a s c h e m e  of s y n t h e s i s  fo r  this m a te r ia l  b a s e d  on  the t r a n s ­
amination r e a c t i o n s  involving D - a m i n o  a c i d s  a s  amino d o n o r s .
A n o t h e r  e x c e p t i o n  to the g e n e r a l  r u l e  of L - a m i n o  acid  
sp e c i f i c i ty  f o r  t r a n s a m i n a s e s  w a s  r e p o r t e d  by S tum pf  ( 1 9 5 1 ) .  H e  
r e p o r t e d  that D - a l a n i n e  s e r v e d  a s  an  amino d o n o r  in r e a c t i o n  
m i x t u r e s  contain ing k e to g lu ta r ic  ac id  and c r u d e  e x t r a c t s  f ro m  lima
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b e a n ,  lupine ,  pumpkin ,  and p e a  s e e d l in g s  a s  well  a s  pumpkin leaf  
e x t r a c t s  and u n h e ate d  w heat  g e r m  e x t r a c t s .  It w a s  not c l e a r ,  
h o w e v e r ,  w h e t h e r  D - a l a n i n e  p ar t ic ipated  d ire c t ly  in t r a n s a m in a t io n  
o r  w h e t h e r  its  amino g r o u p  w a s  contr ibuted  in an in d ir e c t  m a n n e r .
In the p r e s e n t  s tudy,  a s  w a s  pointed out in the s e c t io n  on 
staining t e c h n iq u e ,  the t ra n s a m in a t io n  r e a c t i o n s  w e r e  l imited to 
r e a c t i o n s  w h ich  p r o d u c e d  o x a l o a c e t i c  ac id  a s  a p r o d u c t .  T h i s  
l imited the study of D~ and L - f o r m  amino d o n o r s  to D - a s p a r t i c  
a c id  and L - a s p a r t i c  a c i d .  T h e  staining te ch n iq u e  d e s c r i b e d  a b o v e  
w a s  fo l low ed .  In o n e  c a s e ,  the s u b s t r a t e  solution co n ta in e d  L -  
a s p a r t i c  ac id  and in the  o t h e r  ca .se  D - a s p a r t i c  ac id  w a s  u s e d  a s  
the s u b s t r a t e .  A  s ingle  gel  contain ing e x t r a c t s  f ro m  v a r i o u s  t i s ­
s u e s  r e p r e s e n t i n g  all of the t r a n s a m i n a s e  i s o e n z y m e s  p r e v i o u s ly  
noted w a s  cut in half  to yield two identical  p i e c e s .  O n e  p ie c e  
w a s  s ta in e d  in the m ix tu re  contain ing L - a s p a r t i c  ac id  a s  the s u b ­
s t r a t e  and the o t h e r  p i e c e  w a s  s ta ined  in the D - a s p a r t a t e  c o n t a in ­
ing m ix tu re  .
N o n e  of the i s o e n z y m e s  s ta ined  in the m ix tu re  contain ing the 
D - f o r m  of a s p a r t i c  a c i d .  It w a s  co n c lu d e d  that the m a i z e  t r a n s ­
a m i n a s e s  d e m o n s t r a b le  by  the sta ining te ch n iq u e  out lined in the 
s e c t io n  on  staining could not utilize the D ~ fo rm  of a s p a r t i c  ac id  a s  
an amino d o n o r ,  and that t h e s e  i s o e n z y m e s  w e r e  s p e c i f i c  fo r  the 
L - f o r m  of a s p a r t i c  a c i d .
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A  l a r g e  n u m b e r  of amino a c i d s  u n d e r g o  t ra n s a m in a t io n  with 
k e t o g lu t a r i c  a c id .  Wilson ^  ( 1 9 5 4 )  d e m o n s t r a t e d  that e x t r a c t s
f r o m  co ty le d o n s  of lupine f o r m e d  glutamic  ac id  in m i x t u r e s  involv ­
ing k e t o g lu t a r i c  a c id  and 14  s e p a r a t e  amino a c i d s .  S i n c e  th en ,  
the n u m b e r  of t r a n s a m i n a s e  r e a c t i o n s  u s ing  k e t o g lu t a r a te  a s  the 
amino g r o u p  a c c e p t o r  h a s  b e e n  e x te n d ed  to inc lude  all of the 
pro te in  amino a c i d s  and a  n u m b e r  of n o n - p r o t e i n  amino a c i d s  
( F o w d e n ,  1 9 6 7 ;  K r e t o v i c h ,  1 9 6 5 ) .
In c o n t r a s t  to animal and m i c r o o r g a n i s m  t r a n s a m i n a s e s ,  the 
plant e n z y m e s  a r e  r a t h e r  p o o r ly  defined with r e s p e c t  to the n u m ­
b e r  of di f ferent ty p e s  and with r e g a r d  to the k eto  and amino a c i d s  
s p e c i f i c i t i e s .  S e v e r a l  di fferent s tudies  h a v e  c l e a r l y  indicated  the 
e x i s t e n c e  of multiple t r a n s a m i n a s e  s p e c i f i c i t ie s  in s ing le  plants 
( B o n e  and F o w d e n ,  I 9 6 0 ;  L e o n a r d  and B u r r i s ,  1 9 4 7 ) .  T h e  
m o st  c r i t i c a l  data  dealing with the sp e c i f ic i ty  of a plant t r a n s ­
a m i n a s e  c o m e s  f r o m  the  w o r k  done b y  E l l i s  and D a v i e s  ( 1 9 6 1 ) .
U s in g  c a u l i f lo w e r  b u d s  a s  a t i s s u e  s o u r c e  they  purified g lu ta m ic -
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o x a l o a c e t i c  t r a n s a m i n a s e  2 5 0  fold.  T h e y  found that the e n z y m e  
could  utilize c y s t e i c  and c y s t e in e s u l f in ic  a c i d s  a s  amino g r o u p
d o n o r s  to t r a n s a m i n a t e  to e i t h e r  k e to g lu ta ra te  o r  o x a l o a c e t a t e .  In
addition to t h e s e  two s u b s t r a t e s ,  two c o m p o u n d s  c l o s e l y  r e la t e d  
to g lu tamic  ac id  and o n e  c l o s e l y  r e la t e d  to a s p a r t i c  ac id  a lso  
s e r v e d  a s  amino g r o u p  d o n o r s  in addition to the n o r m a l  s u b ­
s t r a t e s ,  g lu tamate  and a s p a r t a t e .  T h e i r  s tu d ie s  indicated  that the
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ca u l i f lo w e r  e n z y m e  had a r e la t iv e ly  high s u b s t r a t e  sp e c i f i c i ty .  T h e  
e n z y m e  would not utilize p y ru v a te  a s  an amino g r o u p  a c c e p t o r  n o r  
would it utilize a lanine  a s  an amino g r o u p  d o n o r .  T h e y  feel  that 
th is  e n z y m e  i s  different f ro m  the t r a n s a m i n a s e  that u ti l izes  p y ru v ate  
and a lanine  a s  s u b s t r a t e s  ( g l u t a m i c - p y r u v i c  t r a n s a m i n a s e ) .  T h i s  
i s  the c a s e  in animal s y s t e m s  ( G r e e n  ^  , 1 9 4 5 ) .  It a p p e a r e d ,
t h e r e f o r e ,  that the v a r i e t y  of t r a n s a m i n a s e  r e a c t i o n s  r e p o r t e d  in 
plants w e r e  b e in g  c a r r i e d  out by  a n u m b e r  of different 
t r a n s a m i n a s e s .
In the p r e s e n t  study an attempt w a s  m ad e  to d e te r m in e  the 
spec i f ic i ty  of the m a i z e  t r a n s a m i n a s e s  with r e s p e c t  to the keto 
a c i d s  u s ing  a s p a r t a t e  a s  the amino g r o u p  d o n o r .  R o o t  and shoot  
t i s s u e s  f ro m  s e e d l i n g s  of i n b r e d s  A A 8 ,  3 8 2  and an o p a q u e - 2  
mutant l in e ,  r e p r e s e n t i n g  i n b r e d s  containing the independently  
o c c u r r i n g  i s o e n z y m e s  3 5 ,  3 0 ,  and 2 5 ,  r e s p e c t i v e l y ,  w e r e  e x ­
t r a c t e d  and s u b je c t e d  to e l e c t r o p h o r e s i s .  S e v e n  p a i r e d  s a m p l e s  
( r o o t  and plumule)  of e a c h  i n b r e d  w e r e  applied to t h r e e  s e p a r a t e  
g e l s  s u c h  that e a c h  gel  co n ta in e d  s a m p l e s  from  o n e  i n b r e d  o n ly .  
F o l lo w in g  e l e c t r o p h o r e s i s ,  the g e l s  w e r e  cut into ident ica l  h a l v e s  
and o n e  half  w a s  s ta ined  for  t r a n s a m i n a s e  act ivity using k e t o -  
g lu ta r ic  ac id  a s  the amino g r o u p  a c c e p t o r  and a s p a r t i c  ac id  a s  the 
d o n o r  ( n o r m a l  s t a i n ) .  T h e  o t h e r  half of e a c h  gel  w a s  cut into 
s e v e n  p i e c e s  r e p r e s e n t i n g  s e v e n  ro o t -p lu m u le  p a i r s -  T h e  s e v e n  
p a i r e d  s a m p l e s  f ro m  e a c h  gel ( l in e )  w e r e  s ta ined  for  t r a n s a m i n a s e
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activity us ing  a s p a r t a t e  a s  the amino g r o u p  d o n o r  and s e v e n  dif fer ­
ent keto  a c i d s  a s  a c c e p t o r  s u b s t r a t e s .  T h e  s e v e n  te s t  keto  a c i d s  
w e r e  g ly o x y l ic  a c i d ,  a - k e t o i s o c a p r o i c  a c i d ,  a - k e t o i s o v a l e r i c  a c i d ,
3 -p h e n y l  p y ru v ic  a c i d ,  3 - in d o le p y r u v ic  a c i d ,  p - h y d r o x y  p heny l-  
p y r u v ic  ac id  and p y r u v ic  a c i d .  T h e s e  k eto  a c i d s  c o r r e s p o n d  to 
g l y c i n e ,  l e u c i n e ,  v a l in e ,  phe n y la lan in e ,  t ry p to p h a n ,  t y r o s i n e ,  and 
a la n in e ,  r e s p e c t i v e l y .  T h e  te s t  solut ions  ( O . I M )  w e r e  ad ju s ted  to 
pH 7 . 5  with N K O H  and u s e d  in p la c e  of k e t o g lu t a r ic  ac id  in 
individual te s t  sta ining s o lu t io n s .  T h e  o nly  d i f f e r e n c e ,  t h e r e f o r e ,  
b e t w e e n  the n o r m a l  t r a n s a m i n a s e  stain  d e s c r i b e d  in the s e c t io n  on 
staining and the t e s t  sta in  so lut io ns  v./as the k eto  ac id  s u b s t r a t e s .
F o u r  of the tes t  sta in  so lut ions  g a v e  posit ive r e s u l t s  while 
the  r e m a in in g  t e s t  so lut io ns  s h o w e d  no sta ining at a ll .  T h e  fo u r  
keto  a c i d s  that g a v e  posit ive  r e s u l t s  w e r e  a - k e t o i s o v a l e r i c  a c i d ,
P - p h e n y lp y r u v ic  a c i d ,  p - h y d r o x y p h e n y lp y r u v ic  ac id  and p y ru v ic  
a c i d .  T h e s e  keto  a c i d s  c o r r e s p o n d  to v a l in e ,  p h e n y la la n in e ,  
t y r o s i n e  and a la n in e ,  r e s p e c t i v e l y .  In e a c h  of t h e s e  te s t  so lut ions  
e a c h  i n b r e d  s h o w e d  a s ingle  i s o e n z y m e .  B o th  t i s s u e s  exhib i ted 
the  s a m e  i s o e n z y m e .  B y  c o m p a r i s o n  of t h e s e  te s t  g e l s  with the 
c o r r e s p o n d i n g  s a m p l e s  of the gel  p ie c e  s ta in ed  fo r  t r a n s a m i n a s e  
us ing  the n o r m a l  stain  containing k e to g lu ta ra te  it w a s  p o s s i b l e  to 
d e te r m in e  w h ich  i s o e n z y m e  a p p e a r e d  in the t e s t  g e l s .  T h e  
c o m p a r i s o n  s h o w e d  that the s ing le  i s o e n z y m e  exhib i ted in the dif­
fe re n t  te s t  so lut ions  fo r  a  s ing le  in b re d  w e r e  all the s a m e
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i s o e n z y m e .  In i n b r e d  A A S  i s o e n z y m e  35  s h o w e d  activi ty in both 
t i s s u e s  f o r  all fo u r  posit ive  te s t  keto  a c i d s .  T h e  s a m e  sp e c i f ic i ty  
w a s  noted in in b r e d  3 8 2  fo r  i s o e n z y m e  30  and f o r  i s o e n z y m e  25  
in the o p a q u e - 2  l in e .
A s  w a s  noted e a r l i e r ,  t h e s e  t h r e e  i s o e n z y m e s  o c c u r r e d  in 
all of the t i s s u e s  of m a i z e  e x a m in e d  in th is  s tu d y .  O nly  o n e  o t h e r  
i s o e n z y m e  ( i s o e n z y m e  2 0 )  w a s  found in all t i s s u e s  e x a m i n e d .  
F u r t h e r m o r e ,  e a c h  of t h e s e  t h r e e  i s o e n z y m e s  o c c u r r e d  in d e p e n ­
dently of o n e  a n o t h e r .  In the g e n e t i c  study d e s c r i b e d  l a t e r  it will 
b e  s h o w n  that two of t h e s e  t h r e e  i s o e n z y m e s  a r e  u n d e r  the co n tro l  
of a  s in g le  l o c u s  ( 3 0  and 3 5 ) .  G e n e t i c  s tu d ies  o n  i s o e n z y m e  25  
h a v e  not b e e n  m a d e ,  but due to its  s im i la r i t i e s  ( o c c u r r e n c e  in all 
t i s s u e s ,  o c c u r r e n c e  independent  of i s o e n z y m e s  30  and 3 5 ,  and its 
l a c k  of s p e c i f ic i ty  with r e s p e c t  to keto ac id  s u b s t r a t e s )  with the 
o t h e r  two i s o e n z y m e s  l e a d s  to the sp e c u la t io n  that this i s o e n z y m e  
m a y  a ls o  b e  c o n t r o l l e d  b y  the s a m e  l o c u s . T h i s  l a c k  of s p e c i f i c ­
ity with r e s p e c t  to k eto  ac id  s u b s t r a t e s  e x p r e s s e d  by t h e s e  t h r e e  
i s o e n z y m e s  and t h e i r  o c c u r r e n c e  throughout the plant s u g g e s t s  
that c e r t a i n  t r a n s a m i n a s e s  e x i s t  in p e r h a p s  all t i s s u e s ,  w hich  a r e  
c a p a b l e  of c a r r y i n g  out a  n u m b e r  of g e n e r a l  t r a n s a m i n a s e  r e a c ­
t i o n s .  T h i s  c o n t r a s t s  g r e a t l y  with the r e la t iv e l y  s p e c i f i c  t r a n s ­
a m i n a s e  studied in c a u l i f lo w e r  ( E l l i s  and D a v i e s ,  1 9 6 1 )  and with 
the o t h e r  t r a n s a m i n a s e s  in m a i z e  which  w e r e  u nable  to utilize any
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of the t e s t  keto a c i d s  and w h i c h ,  with the e x c e p t io n  of i s o e n z y m e  
2 0 ,  all s h o w  t i s s u e  s p e c i f i c i ty .
5 .  G e n e t i c  C o n tro l
I s o e n z y m e s  3 0  and 3 5  w e r e  found in all t i s s u e s  e x a m in e d  in 
the  p r e s e n t  s tu d y .  In addition,  they  w e r e  found to t r a n s a m i n a t e  
b e t w e e n  L - a s p a r t a t e  and s e v e r a l  keto  a c i d s  indicating a r e la t iv e ly  
low s p e c i f ic i ty  with r e s p e c t  to s u b s t r a t e s . O n  this b a s i s  they 
h a v e  b e e n  t e r m e d  the n o n - s p e c i f i c  t r a n s a m i n a s e s  in the p r e s e n t  
s tudy.  In c o n t r a s t  to t h e s e  c h a r a c t e r i s t i c s ,  the o t h e r  t r a n s ­
a m i n a s e s  found in c o r n  s h o w  a  c e r t a i n  amount of t i s s u e  sp e c i f ic i ty  
and w e r e  found to t r a n s a m i n a t e  only  b e t w e e n  L - a s p a r t a t e  and 
k e t o g l u t a r a t e .
T h e  g e n e t i c  s tudy involved i n b r e d s  A A 8  and 3 8 2 .  I n b r e d  
A A 8  co n ta in e d  the c o m m o n  i s o e n z y m e  ( 3 5 )  while in b r e d  3 8 2  c o n ­
ta ined the r e la t iv e l y  r a r e  i s o e n z y m e  3 0 .  I n b r e d s  w e r e  not found 
that co n ta in e d  both of t h e s e  i s o e n z y m e s .
T h e  F h y b r i d  b e t w e e n  t h e s e  two i n b r e d s  exhibi ted  t h r e e  
i s o e n z y m e s .  B o t h  p a r e n ta l  i s o e n z y m e s  w e r e  p r e s e n t  and an  addi­
tional i s o e n z y m e  in te rm e d ia te  in m igrat ion  b e t w e e n  the two p a re n ta l  
t y p e s .  T h e  in t e r m e d ia te  i s o e n z y m e  a p p e a r e d  to s ta in  m o r e  
i n te n s e ly  than e i t h e r  p a re n ta l  type in the h y b r i d .
T h e  a p p e a r a n c e  of the in te rm e d ia te  i s o e n z y m e  c a n  b e  e x ­
pla ined o n  a  two subunit  of d i m e r i c  m o d e l .  E a c h  p a re n ta l
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i s o e n z y m e  is  c o m p o s e d  of two identical  s u b u n i ts .  I s o e n z y m e  3 5  
might b e  s a id  to co nta in  two B  type subunits  and i s o e n z y m e  30  
c o n t a in s  two A  type s u b u n i ts .  T h e  h y b r id  i s o e n z y m e  would then 
conta in  botli t y p e s  of s u b u n i ts .  R a n d o m  com binat ion  of s in g le  s u b ­
units in the diploid t i s s u e  studied h e r e  ( r o o t )  in the  h y b r id  plant 
would r e s u l t  in the p rodu ct ion  of all t h r e e  i s o e n z y m e s  in the p r o ­
port ion 1 (A A ) : 2 (  A B  ) : 1 ( B B )  . T h i s  a g r e e s  well  with the 
a p p a r e n t  in ten s i t ie s  of the s t a in s  of the t h r e e  i s o e n z y m e s .  In e a c h  
c a s e ,  the in t e r m e d ia te  i s o e n z y m e  s ta ined m o r e  in te n s e ly  than the 
p a re n ta l  i s o e n z y m e s .
T h e  a p p a r e n t  d i m e r i c  n a t u r e  of t h e s e  i s o e n z y m e s  i s  not s u r ­
p r i s i n g .  A n  e x c e l l e n t  study co n d u cte d ,  b y  M a r t i n e z - C a r r i o n  a l . 
( 1 9 6 7 )  indicated  that G O T  is  a  d i m e r .  U s in g  pig h e a r t  a s  the 
e n z y m e  s o u r c e  t h e s e  a u t h o r s  co n c lu d e d  that G O T  h a s  a  m o l e c u l a r  
weight of 9 4 , 0 0 0 .  E a c h  subunit  b in ds  a  m o le c u le  of p y r i d o x a l - 5 -  
p h o sp h ate  ( c o f a c t o r )  and h a s  a  m o l e c u l a r  weight of 4 7 , 0 0 0 .
T h e i r  d i m e r i c  model would a p p e a r  to b e  s u p p o r te d  b y  the p r e s e n t  
s tudy .
T h e  r e s u l t s  of the g e n e t i c  c r o s s e s  b e t w e e n  i n b r e d s  A A 8  and 
3 8 2  a r e  p r e s e n t e d  in T a b l e  3 2 .  It c a n  b e  s e e n  f ro m  this  tab le  
that the F 2  g e n e r a t i o n  s e g r e g a t e d  1 : 2 : 1  ( 30  : h y b r i d : 3 5 )  . T h e  
b a c k c r o s s  involving A A 8  s e g r e g a t e d  1 : 1  ( h y b r i d :  3 5 )  while  the 
b a c k c r o s s  involving 3 8 2  s e g r e g a t e d  1 : 1  ( 3 0 : h y b r i d ) .  T h e s e  
r e s u l t s  indicated  that i s o e n z y m e s  30 and 35  a r e  c o n t r o l le d  by
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T a b l e  3 2 ,
Involvi ng I n b r e d s  A A 8 ( H aw  . ) and 3 8 2 ( P u r d u e )
C r o s s 30
P h e n o t y p e  
H y b r id  35 T ota l R a t io E x p e c t e d X 2 P
A A 8  X A A 8 0 0 20 20
3 8 2  X 3 8 2 20 0 0 20
3 8 2  X A A 8 0 20 0 20
( 3 8 2  X A A 8 )  X ( 3 8 2  x  A A 8 ) 6 4 1 3 2 68 2 6 4 1 : 2 : 1 6 6 : 1 3 2 : 5 6 0 . 1 2 0 . 9 2
( 3 8 2  X A A 8 )  X A A 8 0 123 1 2 4 2 4 7 0 : 1 : 1 0 : 1 2 3 . 5 : 1 2 3 . 5 > 0 . 9 5
( 3 8 2  X A A 8 )  X 3 8 2 78 69 0 1 47 1 : 1 : 0 7 3 . 5 : 7 3 . 5 : 0 0 . 5 5 0 . 7 6
o
a l le le s  of the s a m e  l o c u s .  D o m in a n c e  a p p e a r s  to b e  la ck in g  and 
a  h y b r id  i s o e n z y m e  i s  f o r m e d .  T h e  g e n e t i c  model i s  p r e s e n t e d  
in F i g u r e  1 9 .
T h e  g e n e  sy m bo l  Taj^ w a s  a s s i g n e d  to th is  l o c u s  and i s  
s u b je c t  to ap p ro v a l  b y  the M aize  G e n e t i c s  C o o p e r a t i o n .  T h e  two 
a l l e le s  w e r e  d e s ig n a te d  Ta^^^k ^^d T a j ^ B .  Ta^^^k r e p r e s e n t s ,  
w hen  h o m o z y g o u s ,  i s o e n z y m e  30  while the o t h e r  a l l e le ,  w h e n  
h o m o z y g o u s ,  p r o d u c e s  i s o e n z y m e  3 5 .
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p 2  G e n e r a t i o n
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T a i^ k T a i ^
T a i^ ^ T a i ^
T a ;^ ^ T a ;^ ^
30 H y b r id
T - 1 T a ^ ^
T a i ® rr.. B  T a i T a i ^
H y b r id 35
B a c k c r o s s  Involving A A 8 B a c k c r o s s  Involving 3 8 2
Ta^ TK T a ^ R T a i^ ^ Tai®
T a i " ^ T a i ^ T a i ^ T a ^ ^
T a i ^ T a i ^ T a i ^ T a i ^ T a i ^ T a i ^
30 H y b r id H y b r id 35
F i g .  1 9 . G e n e t i c  Model C o ntro l l ing  the T a i  T r a n s a m i n a s e s  and 
I l lustrat ing  the S e g r e g a t i n g  G e n e r a t i o n s  Involving I n b r e d s  A A 8  
( H a w . )  and 3 8 2  ( P u r d u e ) .
P H O S P H O R Y L A S E  I S O E N Z Y M E S
1 .  Introduct ion and S ta in in g  T e c h n i q u e
T w o  g e n e r a l  te c h n iq u e s  w e r e  u s e d  to v is u a l iz e  the p h o s -  
p h o r y l a s e  i s o e n z y m e s  following e l e c t r o p h o r e s i s .  P o l y a c r y l a m i d e  
g e l s  w e r e  u s e d  in the study of p h o s p h o r y l a s e  due to the fact  that 
the sta ining r e a c t i o n s  involved c a r b o h y d r a t e  m e t a b o l i s m .  T h e  
r e a c t i o n  c a r r i e d  out b y  p h o s p h o r y l a s e  in v o lv e s  the t r a n s f e r  of a  
s u g a r  moiety  ( g l u c o s e )  f ro m  a  c o r i  e s t e r  ( g l u c o s e - l - p h o s p h a t e ) 
to the n o n - r e d u c i n g  end of a dextr in  m o le c u le  ( a m y l o s e ,  a m y lo -  
p e c t in ,  g l y c o g e n ,  e t c . ) :
g l u c o s e - l - p h o s p h a t e  + ( p o l y g l u c o s e ) „ < 5  ( p o ly g lu c o s e  ) + P i
T h e  r e a c t i o n  is  r e v e r s i b l e  and the sta ining te ch n iq u e  
e m p lo y ed  in the p r e s e n t  study util ized both r e a c t i o n s  f o r  p h o s ­
p h o r y l a s e  d e m o n s t r a t io n .  T h e  r e a c t i o n  f r o m  left to r ight  w a s  
d e s ig n a te d  a s  the sy nthet ic  r e a c t i o n  while the r e a c t i o n  f ro m  r ight  
to left w a s  d e s ig n a t e d  a s  the d e g ra d a t iv e  r e a c t i o n .
S y n t h e t i c  r e a c t i o n  s t a in :  F o l lo w in g  e l e c t r o p h o r e s i s ,  the geJ
w a s  in c u b ated  at 3 7 ° C  in a  solut ion c o m p o s e d  of 1 0 0  ml T r i s -  
c i t r a t e  b u ffer  (p H  5 . 2 ,  T a b l e  1 )  contain ing 0 . 2 5 %  g l u c o s e - l -  
p h o s p h a t e .  F o l lo w i n g  two h o u r s  of incubat io n ,  the incubat ion 
m ed ia  w a s  p o u r e d  off and the gel  w a s  r i n s e d  with water^ then im ­
m e r s e d  in a staining so lut ion.  T h e  staining solut ion c o n s i s t e d  of
a 0 . 2 5 %  KI so lut ion .  J u s t  p r i o r  to u s e ,  1 00  ml of the staining 
solut ion w a s  p o u re d  into a b e a k e r  to which  had  b e e n  added 0 . 5  
ml c o n c e n t r a t e d  a c e t i c  ac id  ( g l a c i a l )  and 1 ml 3% h y d r o g e n  
p e r o x i d e .  T h e  h y d r o g e n  p e r o x i d e  o x id ized  the KI to p r o d u c e  
iodine in a slightly ac id ic  m i x t u r e .  T h e  m ix tu re  w a s  p o u re d  o v e r  
the gel  and w a s  a l low ed to s tand for  a p p ro x im a te ly  1 0  m in u t e s ,  o r  
until the n e w ly  s y n t h e s i z e d  a m y l o s e - l i k e  p o l y s a c c h a r i d e  had s ta ined  
a  br ig ht  blue in c o l o r .  T h e  b lu e  c o l o r  re su l t in g  f ro m  the s t a r c h -  
iodine in t e ra c t io n  mainta ined its  intensity providing the gel  w a s  
s t o r e d  in an a q u e o u s  solution containing 2% a c e t i c  a c id .  When the 
gel  w a s  s t o r e d  in w a t e r  a lo ne  the blue i s o e n z y m e  b a n d s  faded out 
c o m p le te ly  within a  few  d a y s ,  but could b e  r e s t a i n e d  with the KI 
m i x t u r e .
D e g r a d a t i v e  s t a i n s :  T h e  a c r y la m i d e  get w a s  incubated  at
3 7  ° C  in 0 .  2M p h o sp h ate  buffer  (pH  6 . 2 )  contain ing 2% h y d r o ly z e d  
s t a r c h  fo r  two h o u r s .  T h e  b u f f e r - s t a r c h  solut ion w a s  h e a te d  to 
d is s o lv e  the s t a r c h  and then c o o l e d  to r o o m  t e m p e r a t u r e  p r i o r  to 
i m m e r s i o n  of the g e l .  F o l lo w i n g  incubat ion ,  the gel  w a s  w a s h e d  
in w a t e r  and s ta in ed  in the s a m e  m a n n e r  a s  w a s  the synthet ic  
r e a c t i o n  g e l s .  T h e  p h o s p h o r y l a s e  i s o e n z y m e s  a p p e a r e d  a s  c l e a r  
z o n e s  a g a in s t  a  blue b a c k g r o u n d .  T h e  s a m e  te ch n iq u e  a lso  
s ta ined  fo r  a m y l a s e  i s o e n z y m e s .  Dif ferentiat ion b e t w e e n  the 
p h o s p h o r y l a s e  i s o e n z y m e s  and the a m y l a s e  i s o e n z y m e s  w a s  a c ­
c o m p l ish e d  in two Vv’a y s .  C o m p a r i s o n  of the d e g r a d a t iv e ly  s ta ined
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g e l s  and the sy nthet ica l ly  s ta ined  g e l s  a l lo w ed  m atch in g  of the 
i s o e n z y m e s .  O v e r l a y i n g  of the d e g ra d a t iv e ly  s ta ined  g e l s  with the 
sy nthet ica l ly  s ta in e d  get s h o w e d  that the s a m e  i s o e n z y m e s  w e r e  
involved in both r e a c t i o n s .  T h e  a m y l a s e  i s o e n z y m e s  did not c o i n ­
c id e  with z o n e s  p ro d u c in g  p o l y s a c c h a r i d e  in the synthet ica l ly  
s ta ined  g e l .  T h e  s e c o n d  method of differentiating b e t w e e n  
p h o s p h o r y l a s e  activity and a m y l a s e  activity involved incubat ing  a gel  
in t r i s - c i t r a t e  b u f fer  ( O . I M ,  pH 6 . 2 )  contain ing 2% h y d r o ly z e d  
s t a r c h .  T h i s  te c h n iq u e  eliminated p h o s p h o r y l a s e  i s o e n z y m e s  by  
eliminating the s o u r c e  of p h o sp h ate  r e q u i r e d  b y  that e n z y m e  in the 
d e g r a d a t iv e  r e a c t i o n .  In this  c a s e  only  a m y l a s e  i s o e n z y m e s  p r o ­
d u ce d  c l e a r  r e g i o n s  in the g e l .
A  s e c o n d  method u s e d  in the d e g r a t iv e  s ta in  for  p h o s p h o ­
r y l a s e  i s o e n z y m e s  involved in c o r p o r a t i n g  s t a r c h  into the a c r y l -  
am ide  get p r i o r  to e l e c t r o p h o r e s i s .  H y d r o l y z e d  s t a r c h ,  a m y l o s e ,  
o r  a m y lo p e c t in  ( 0 . 3 % )  w a s  added to the b u f f e r s  u s e d  to m a k e  up 
the gel  and d i s s o l v e d  by  h e a t in g .  A f t e r  c o o l in g ,  the in g r e d ie n ts  
fo r  gela t ion w e r e  a d d e d .  T h e  gel  w a s  e l e c t r o p h o r e s e d  in the 
u su a l  m a n n e r  and finally in cu bated  in 0 . 2 M  p h o sp h ate  bu ffer  for  
two h o u r s  at 3 7 ° C .  T h e  gel  w a s  r i n s e d  and s ta ined  with the KI 
so lut ion .  H e r e  a g a i n ,  a m y l a s e  activity w a s  a l so  noted but could 
b e  d i f ferentiated f r o m  the p h o s p h o r y l a s e  activity b y  incubat ing  this  
type of gel  in the t r i s - c i t r a t e  bu ffer  in s te a d  of the p ho sph ate  
b u f f e r .  L i k e w i s e ,  th is  type of g e l ,  contain ing i n c o r p o r a t e d
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d e x t r i n s ,  could b e  u s e d  for  the synthet ic  sta in  by  incubat ing in the 
g l u c o s e - l - p h o s p h a t e  m e d ia .
2 .  D e s c r i p t i o n  and  O c c u r r e n c e
P h o s p h o r y l a s e  i s o e n z y m e  act ivity ,  following the sta in ing p r o ­
c e d u r e s  outlined a b o v e ,  w a s  e x a m in e d  in im m a tu re  e n d o s p e r m  ( 1 6  
d a y s  following pollination) of m a i z e  l in e s  that w e r e  h o m o z y g o u s  for  
the e n d o s p e r m  mutant g e n e s  suj^, SU2 , ©2 , du]^, a e ,  w x ,  and the 
n o rm a l  s t a r c h y  e n d o s p e r m .  T h e  e n d o s p e r m  mutant g e n e s ,  with 
the e x c e p t i o n  of suj^ w e r e  i n c o r p o r a t e d  into a c o m m o n  b a c k g r o u n d  
s t o c k  ( K 5 5 ' ) .  Whole  m a t u re  d r y  s e e d  e x t r a c t s  involving mutants 
a e ,  w x ,  aew xsu]^ ,  and s u ^ ,  s t a r c h y  i n b r e d s  O h 7  and O h 4 3  w e r e  
a l s o  studied  a s  w e r e  r o o t ,  co le o p t i le ,  p lu mule ,  s c u te l lu m ,  and 
e n d o s p e r m  f r o m  s e v e n - d a y  old s e e d l in g s  of suj^ i n b r e d  A A 3 .  In 
addition to the m a i z e  m a t e r i a l ,  potato t u b e r  e x t r a c t s  f ro m  bak ing  
and s a la d  type t u b e r s  w e r e  s tudied.
F i g u r e  2 0  i l lu s t r a t e s  the p h o s p h o r y l a s e  i s o e n z y m e s  found in 
the  t i s s u e s  of m a i z e  and the  potato tu b e r  m a t e r i a l .  T h e  g r o u p  of 
t h r e e  i s o e n z y m e s  of m a i z e ,  d e s ig n ate d  a s  i s o e n z y m e s  A - C  in the 
i l lu s tra t io n ,  w e r e  found in im m a tu re  e n d o s p e r m  and w h o le  s e e d  
e x t r a c t s  o n ly .  T i s s u e s  of the s e v e n - d a y  old se e d l in g  did not c o n ­
tain t h e s e  i s o e n z y m e s .  T h e  m a i z e  p h o s p h o r y l a s e  i s o e n z y m e  
d e s ig n a te d  a s  D in the f ig u re  w a s  a diffuse band  o c c u r r i n g  in 
s c u te l lu m ,  co le o p t i le ,  and plumule o n ly .  It w a s  not found in the
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m a i z e  p o t a t o
F i g .  2 0 .  A n  I l lustrat ion ol the P h o s p h o r y l a s e  
I s o e n z y m e s  ol M aize  and P o t a t o .  A r r o w  
in d ic a te s  m igrat ion  t o w a r d s  the a n o d e .
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im m a tu re  e n d o s p e r m ,  w hole  s e e d  e x t r a c t s ,  o r  the r o o t  and 
e n d o s p e r m  t i s s u e s  of the young s e e d l in g .  It a p p e a r e d  a s  though 
i s o e n z y m e s  A - C ,  which  o c c u r r e d  in the whole  s e e d  e x t r a c t s  f ro m  
d r y  s e e d s ,  d i s a p p e a r e d  s h o r t ly  a f ter  g e r m in a t io n ,  and that i s o ­
e n z y m e  D  a p p e a r e d  s o m e t im e  a f te r  o r  during  g e rm in a t io n  s i n c e  it 
w a s ‘ not p r e s e n t  in the d r y  s e e d s .
T h e  potato e x t r a c t s  co nta ined  4  i s o e n z y m e s ;  a m a j o r  i s o ­
e n z y m e ,  d e s ig n a te d  a s  A  in the f ig u r e ,  that m ig r a t e d  to a  position 
c o r r e s p o n d i n g  to that of the A - C  m aize  i s o e n z y m e s ,  and t h r e e  
s l o w e r  i s o e n z y m e s  d e s ig n a te d  a s  B - D  in the f i g u r e .  When m ix ­
t u r e s  of the potato e x t r a c t  and im m a tu re  e n d o s p e r m  w e r e  e l e c t r o ­
p h o r e s e d ,  i s o e n z y m e  A  fro m  the . m a iz e  m a te r ia l  m ig r a t e d  ju s t  
a h e a d  of the z o n e  containing i s o e n z y m e s  B  and C  of m a i z e  and A  
of potato,  and which  s ta ined heavi ly  a s  a s ing le  s t r o n g  i s o e n z y m e .
3 .  P r i m e r  R e q u i r e m e n t s
G l u c o s e ,  m a l t o s e ,  h y d r o ly z e d  s t a r c h ,  a m y l o s e  ( c o r n ) ,  
am y lo pect in  ( c o r n ) ,  and g ly c o g e n  ( s h e l l f i s h )  w e r e  te s te d  a s  s u b ­
s t r a t e  p r i m e r  m a t e r i a l s  o r  a c c e p t o r  m o l e c u l e s  fo r  the t r a n s f e r  of 
g l u c o s e  f ro m  g l u c o s e - 1 - p h o s p h a t e  in the sy nthet ic  r e a c t i o n  
m edia ted  b y  p h o s p h o r y l a s e .  O n e - te n t h  p e r c e n t  of t h e s e  m a t e r i a l s  
w a s  i n c o r p o r a t e d  into a c r y l a m i d e  g e l s .  G l u c o s e ,  m a l t o s e ,  and 
g ly c o g e n  w e r e  r e a d i l y  soluble  in the bu ffer  so lut io ns  u s e d  to p r e ­
p a r e  the g e l s .  A m y l o s e ,  a m y lo p e c t in ,  and h y d r o ly z e d  s t a r c h  had
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to b e  h e a te d  in the buffer  solution in o r d e r  to d i s s o l v e .  O n e  
h u n d re d  mg of t h e s e  m a t e r i a l s  w e r e  m ixed  with 1 0 0  ml of gel  buf­
f e r  and h e a te d  until d i s s o l v e d .  T h e  m ix tu re  w a s  c o o l e d  to r o o m  
t e m p e r a t u r e  and the in g r e d ie n ts  fo r  gela t ion w e r e  a d d e d .  T h e  
g e l s  w e r e  e l e c t r o p h o r e s e d  in the usual  m a n n e r  and eventually  
s ta ined  fo r  the sy n th et ic  r e a c t i o n .
It w a s  found that i s o e n z y m e s  A ,  B ,  and C  of m a iz e  and 
i s o e n z y m e  A  of potato w e r e  c a p a b le  of s y n th e s iz in g  a m y l o s e - I i k e  
p o l y s a c c h a r i d e  in the a b s e n c e  of p r i m e r  m a t e r i a l .  T h e  i s o e n z y m e s  
of m a i z e  s ta ined  w e a k ly  in the a b s e n c e  of p r i m e r  m a t e r ia l  but 
staining w a s  e v id en t .  T h e  addition ( i n c o r p o r a t i o n )  of p r i m e r  m a ­
t e r i a l s  e n h a n c e d  the sy nthet ic  ability of the m a i z e  i s o e n z y m e s .  
G l u c o s e  and m a l to s e  s e r v e d  a s  fa i r  p r i m e r  m a t e r i a l s  while the 
o t h e r  t h r e e  p r i m e r s  g r e a t l y  e n h a n c e d  the sy nthet ic  ability of the 
m a i z e  p h o s p h o r y l a s e s  .
I s o e n z y m e  D  of m a iz e  w a s  unable  to s y n t h e s i z e  a m y l o s e - I i k e  
p o l y s a c c h a r i d e  m a t e r i a l  with p r i m e r s  o t h e r  than g l y c o g e n .  G l u ­
c o s e  w a s  not te s t e d  a s  a  p r i m e r  m a te r ia l  for  this i s o e n z y m e ,  but 
a m y l o s e ,  a m y lo p e c t in ,  and m a l to s e  w e r e  found to be  ineffective  a s  
p r i m e r ,  o r  g l u c o s e  a c c e p t o r ,  m a t e r i a l s .
I s o e n z y m e  A  of the potato e x t r a c t s  had the c a p a c i t y  of s y n ­
th es iz in g  a m y l o s e - I i k e  p o l y s a c c h a r i d e  in the a b s e n c e  of p r i m e r  
m a t e r i a l .  I s o e n z y m e s  C  and D r e q u i r e d  p r i m e r  m a t e r i a l  fo r  
s y n t h e s i s  a s  did i s o e n z y m e  B .  A m y l o s e ,  m a l t o s e ,  g l u c o s e .
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g l y c o g e n ,  and am ylo pect in  all s e r v e d  a s  a c c e p t o r  m a te r ia l  for  
i s o e n z y m e s  C  and D  while only  a m y lo s e  and am ylo p e ct in  s e r v e d  
a s  p r i m e r  m a t e r ia l  for  i s o e n z y m e  B .  G l y c o g e n  and the two 
s u g a r s  w e r e  ineffective  a s  p r i m e r  m o l e c u l e s  fo r  this i s o e n z y m e .
T h e  r e q u i r e m e n t  b y  p h o s p h o r y l a s e  for  p r i m e r  m a t e r i a l s  for  
the s y n t h e s i s  of a m y l o s e  h a s  b e e n  a m a t te r  of dispute for  s o m e  
t im e .  T h e  c l a s s i c  s tu d ie s  by  C o r i  et ( 1 9 3 7 ,  1 9 4 3 a , b , c )  and 
G r e e n  and C o r i  ( 1 9 4 3 )  indicated that p r i m e r  m a t e r i a l  w a s  
r e q u i r e d  by  p h o s p h o r y l a s e  fo r  s y n t h e s i s  of a m y l o s e .  In 1 9 6 1 ,  
I l l ingworth  ^  and B r o w n  ^  jol. found that m u s c l e  p h o sp h o ­
r y l a s e  s y n t h e s i z e d  a m y l o s e  in the p r e s e n c e  of high c o n c e n t r a t i o n s  
of g l u c o s e - l - p h o s p h a t e  without e x o g e n o u s  p r i m e r  m a t e r i a l .  T h i s  
w a s  q u e s t io n e d  b y  Abdul lah ^  jH. ( 1 9 6 5 )  who r e p e a t e d  the tes t  
u s ing  highly purif ied g l u c o s e - l - p h o s p h a t e .  It a p p e a r e d  a s  though 
the unpurif ied g l u c o s e - l - p h o s p h a t e  u s e d  in the e a r l i e r  s tu d ies  had 
supplied small  a m o u n ts  of p r i m e r  m a te r ia l  and that the u s e  of 
highly purif ied g l u c o s e - l - p h o s p h a t e  r e s u l t e d  in a  l a c k  of synthet ic  
p o w e r  b y  m u s c l e  p h o s p h o r y l a s e  in the a b s e n c e  of p r i m e r s .  
Watkins et ( 1 9 6 5 )  noted that potato p h o s p h o r y l a s e  s y n t h e s iz e d
a m y l o s e  in the a b s e n c e  of p r i m e r  m a t e r ia l  and they co n c lu d e d  that 
potato p h o s p h o r y l a s e  co nta ined  bound c a r b o h y d r a t e  m a t e r ia l  which  
could a c t  a s  p r i m e r  m o l e c u l e s .  K a m o g a w a  ^  jH. ( 1 9 6 8 ) noted 
the s a m e  thing using  purified potato p h o s p h o r y l a s e . T h e  potato 
p h o s p h o r y l a s e  could s y n t h e s i z e  a m y lo s e  in the p r e s e n c e  of highly
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purified g l u c o s e - l - p h o s p h a t e  without the p r e s e n c e  of p r i m e r .  
K a m o g a w a ^  ( 1 9 6 8 )  t r e a t e d  th e i r  purified potato p h o s p h o r y l a s e  
with g l u c o a m y l a s e  and found that following s u c h  a  t r e a t m e n t ,  the 
potato p h o s p h o r y l a s e  had lo s t  i ts  c a p a c i t y  to s y n t h e s i z e  a m y l o s e  in 
the a b s e n c e  of p r i m e r .  T h e y  co n c lu d e d  that potato p h o s p h o r y l a s e  
bound c a r b o h y d r a t e  m a t e r i a l  w h ic h ,  w h e n  p r e s e n t ,  could  a c t  a s  
p r i m e r  m a t e r i a l .  T s a i  and N e ls o n  ( 1 9 6 8 )  f ra c t io n a te d  two ty p e s  
of p h o s p h o r y l a s e  (I and II) f ro m  m a iz e  e n d o s p e r m  u s ing  co lu m n 
c h r o m a t o g r a p h y .  T h e  p h o s p h o r y l a s e  1 f ro m  this  study r e q u i r e d  
the p r e s e n c e  of p r i m e r  for  s y n t h e s i s  of a m y l o s e .  P h o s p h o r y l a s e  
II f ro m  this  study had the c a p a c i t y  of sy n t h e s iz in g  a m y l o s e  in the 
a b s e n c e  of e x o g e n o u s l y  supplied p r i m e r .  T h i s  p h o s p h o r y l a s e  II 
could  u s e  m a l to s e  a s  p r i m e r  m a te r ia l  while  the p h o s p h o r y l a s e  I 
could  not .
It s e e m s  likely  that the ' p r i m e r - f r e e '  p h o s p h o r y l a s e s  in the 
p r e s e n t  study ( i s o e n z y m e s  A ,  B ,  C  of m a i z e  and i s o e n z y m e  A  
of potato) m ay  a ls o  bind c a r b o h y d r a t e  m a t e r i a l  a s  w a s  s h o w n  fo r  
potato p h o s p h o r y l a s e  (W atk ins  ^  , 1 9 6 5 ;  K a m o g a w a  ^  ,
1 9 6 8 ) .  T h e i r  e n h a n c e d  act iv i t ies  in the p r e s e n c e  of p r i m e r s  
a g r e e s  with the s t u d ie s  b y  t h e s e  two g r o u p s .
F u r t h e r  in d ir e c t  e v i d e n c e  in su p p o r t  of th is  bound c a r b o h y ­
d r a t e  t h e o r y  w a s  indicated  following f rac t ion at io n  of the fXitato 
p h o s p h o r y l a s e .  P o t a t o  j u i c e  w a s  b r o u g h t  to 67% s a t u ra t io n  with 
am m onium  sulfa te  and the  p re c ip i ta te  w a s  r e d i s s o l v e d  in a
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minimum amount of distil led w a t e r .  T h i s  solution w a s  d ia lysed  
ag a in s t  3 l i t e r s  of distil led w a t e r  for  2 4  h o u r s  and r e - p r e c i p i t a t e d  
with amm onium sulfate  at 55% s a t u r a t io n .  T h e  s e c o n d  p re c ip i ta te  
w a s  d i s s o lv e d  in a  minimum amount of distil led w a t e r  and u s e d  a s  
a  s o u r c e  of p h o s p h o r y l a s e .  It w a s  found that the t w ic e  f r a c t i o n ­
ated o r  s e m i - p u r e  p h o s p h o r y l a s e  had lo s t  m o st  of its c a p a c i t y  to 
s y n t h e s i z e  a m y l o s e  in the a b s e n c e  of p r i m e r s .  G e l s  contain ing 
no p r i m e r  and contain ing the s e m i - p u r e  p r e p a r a t i o n  and u n tre a te d  
potato j u i c e ,  w h e n  s ta ined  fo r  p h o s p h o r y l a s e  act iv i ty ,  s h o w e d  a 
v e r y  w e a k  i s o e n z y m e  A  in the s e m i - p u r e  s a m p le  and a  r e la t iv e ly  
s t r o n g  i s o e n z y m e  in the u n tre a te d  potato j u i c e .  T h e  s a m e  p r e p a ­
r a t i o n s ,  w h e n  e l e c t r o p h o r e s e d  in a gel  contain ing g l y c o g e n  a s  
p r i m e r ,  s h o w e d  equal ly  ac t ive  i s o e n z y m e s .  T h i s  ind icated  that 
the f rac t ion at io n  of the potato p h o s p h o r y l a s e  had r e m o v e d  m o st  of 
i ts  c a p a c i t y  to s y n t h e s i z e  a m y l o s e  in the a b s e n c e  of p r i m e r s .
T h e  p r e s e n c e  of p r i m e r s ,  h o w e v e r ,  r e s t o r e d  the activity of the 
s e m i - p u r e  p r e p a r a t i o n .  It could b e  r e a s o n e d  that the f rac t ion at io n  
p r o c e d u r e  had r e m o v e d  s o m e  of the bound c a r b o h y d r a t e ,  t h e r e b y  
r e m o v in g  s o m e  of the c a p a c i t y  of the i s o e n z y m e  to s y n t h e s i z e  
a m y l o s e  in the a b s e n c e  of e x o g e n o u s l y  supplied p r i m e r .
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A M Y L O P E C T l N - l , 6 - G L U C O S l D A S E  I S O E N Z Y M E S
1 . Introduct ion and S ta in in g  T e c h n i q u e
A m y l o p e c t i n - 1 , 6 - g l u c o s i d a s e  ( R - e n z y m e )  w a s  or ig in a l ly  d e ­
s c r i b e d  b y  H o b s o n  et ( 1 9 5 0 ) .  T h e  e n z y m e  h y d r o l y z e s  1 - 6  
g lu c o s i d ic  l in k a g e s  of b r a n c h e d  d e x t r in s  m o st  notably  am ylopect in  
( H o b s o n  ^  , 1 9 5 1 )  and d o e s  not d e b r a n c h  g ly c o g e n  ( P e a t
^  , 1 9 5 4 ) .  In 1 9 5 8 ,  MacWilliam r e p o r t e d  the h e t e r o g e n e i t y  of
b r o a d  b e a n  R - e n z y m e .  F r a c t i o n a t i o n  on alumina gel  y ielded two 
f r a c t i o n s  having R - e n z y m e  act ivi ty .  O n e  f r a c t io n  w a s  s p e c i f i c  fo r  
the d e b r a n c h i n g  of am y lopect in  while  the o t h e r  f r a c t io n  d e b r a n c h e d  
only  8 - l imit  d e x t r in .  T h e y  co n c lu d e d  that the activity noted by  
e a r l i e r  w o r k e r s ,  w hich  s h o w e d  that R - e n z y m e  d e b r a n c h e d  both 
am y lo pect in  and p-limit de xtr in  ( H o b s o n  ^  > 1 9 5 0 ,  1 9 5 1 )  w a s
due to a m ix tu re  of t h e s e  two f r a c t i o n s .  MacWilliam and H a r r i s  
( 1 9 5 9 )  found that malt  a l s o  co n ta in e d  two e n z y m e s  c a p a b l e  of 
d e b r a n c h i n g  am y lo pect in  o r  its d e g ra d a t io n  p r o d u c t s .  O n e  e n z y m e  
d e b r a n c h e d  am y lo pect in  and 8 - l imit  d e x t r in ,  while  the o t h e r  d e ­
b r a n c h e d  only  8 - l imit  d e x t r in .  T h e y  r e s e r v e d  the n a m e  R - e n z y m e  
fo r  the e n z y m e  that a t ta ck e d  a m y lo p e c t in .  T h e  n a m e  limit dext f ’in -  
a s e  w a s  applied to the o t h e r  e n z y m e .
A c c o m p a n y i n g  the d e b r a n c h in g  of a m y lo p e c t in  i s  a  s h a r p  
i n c r e a s e  in the b lu e  v a l u e .  T h e  r e d - p u r p l e  c o l o r  of am ylopect in  
w h e n  s ta ined  with iodine i s  shifted to a b lu e  c o l o r  following
R - e n z y m e  act iv i ty .  T h e  sta ining tech niqu e  util ized this  shift in 
c o l o r  to lo c a te  the R - e n z y m e  i s o e n z y m e s .
T w o - t e n t h s  p e r c e n t  amylopect in  ( c o r n )  w a s  i n c o r p o r a t e d  into 
a c r y l a m i d e  g e l s  p r i o r  to e l e c t r o p h o r e s i s .  F o l lo w i n g  e l e c t r o p h o r e ­
s i s ,  the g e l s  w e r e  incubated  in 0 . 2  M p h o s p h a t e - c i t r a t e  buffer  
(p H  6 . 2 )  at 3 7 ° C  fo r  12  h o u r s .  T h e  gel  w a s  w a s h e d  b r ie f ly  
with w a t e r  and s ta ined  with KI solution following the te ch n iq u e  d e ­
s c r i b e d  fo r  p h o s p h o r y l a s e  s ta in ing .  T h e  gel  w a s  a l lo w ed  to sta in  
until v e r y  d a r k  ( a p p r o x im a te ly  3 0  m in u te s )  and then w a s  t r a n s ­
f e r r e d  to tap w a t e r .  In tap w a t e r ,  the gel  u n d e r w e n t  desta in ing 
o v e r  a  p e r io d  of two d a y s .  T h e  desta in ing w a s  s u c h  that the 
r e d - p u r p l e  c o l o r  of the am y lo pect in  d e s ta in e d  at a f a s t e r  r a t e  than 
did the b lu e  c o l o r  of the d e b r a n c h e d  z o n e s .  T h i s  te ch n iq u e  
r e s u l t e d  in a gel  having blue z o n e s  ag a in s t  a  c l e a r  to slightly pink 
b a c k g r o u n d .  T h e  blue z o n e s  w e r e  ta k e n  a s  z o n e s  of R - e n z y m e  
a c t iv i ty .
2 .  D e s c r i p t i o n  and O c c u r r e n c e
I s o e n z y m e s  of a m y l o p e c t i n - 1 , 6 - g l u c o s i d a s e  ( R - e n z y m e  ) w e r e  
studied in im m a tu r e  e n d o s p e r m  ( 1 6  d a y s  following pollination) of 
m a iz e  l in e s  that w e r e  h o m o z y g o u s  for  the  e n d o s p e r m  mutant g e n e s  
suj^, SU2 , ©2 ’ ~wx, and the n o r m a l  s t a r c h y  g e n o t y p e .
T h e  e n d o s p e r m  mutant g e n e s  with the e x c e p t i o n  of suj^ w e r e  
i n c o r p o r a t e d  into a  c o m m o n  b a c k g r o u n d  s t o c k  ( K 5 5 ) .  Whole
154
m a t u r e  d r y  s e e d  e x t r a c t s  involving mutants  a e ,  w x ,  the triply  
r e c e s s i v e  mutant a e  w x  suj^, and s u ; the s t a r c h y  i n b r e d s  O h 7  
and O h 4 3 , w e r e  a l s o  s tudied .
F i g u r e  21 i l lu s t r a t e s  the R - e n z y m e  i s o e n z y m e s  found in 
m a i z e .  I s o e n z y m e s  A ,  B ,  and C w e r e  found in im m a tu re  e n d o ­
s p e r m  and w h o le  s e e d  e x t r a c t s  while i s o e n z y m e s  D ,  E ,  and F  
w e r e  r e s t r i c t e d  to w hole  s e e d  e x t r a c t s .  I s o e n z y m e  A  o c c u r r e d  
independent ly  of i s o e n z y m e s  B  and C  and w a s  found in the SU2  
mutant e n d o s p e r m .  T h e  r e m a in in g  mutants all co n ta in e d  i s o ­
e n z y m e s  B  and C .  I s o e n z y m e s  D ,  E ,  and F  w e r e  found in all 
w h o le  s e e d  e x t r a c t s  e x a m in e d  be ing  s t r o n g e s t  in the two s t a r c h y  
ty p e s  ( O h 7  and O h 4 3 ) .
T h e  c a r b o h y d r a t e  co n s t i tu en ts  of m a i z e  e n d o s p e r m  mutants  
w e r e  e x a m i n e d  by  C r e e c h  ^  , ( 1 9 6 5 ) .  T h e y  found that the
mutant w x  co n ta in e d  n e a r l y  1 0 0 % am ylopect in  a s  a s t a r c h  r e s e r v e  
w h e r e a s  the mutant a e  co n ta in e d  c l o s e  to 50% a m y l o s e  a s  s t a r c h  
r e s e r v e .  T h e  mutant du^ co nta ined  up to 38% a m y l o s e ,  the 
norma)  s t a r c h y  l in e s  co n ta in e d  about 27% a m y l o s e ,  suj^ co nta ined  
a p p r o x im a te ly  29% a m y l o s e  and SU2  co n ta in e d  a p p r o x im a te ly  40% 
a m y l o s e .  B l a c k  ^  al • ( 1 9 6 6 )  e x a m in e d  the p hy tog ly co gen  
co n t e n t s  and b r a n c h i n g  e n z y m e  ac t iv i ties  of s e v e r a l  of t h e s e  
mutants  and found that suj^ w a s  the only line that a c c u m u la t e d  this 
b r a n c h e d  c o m p o n e n t .  D ou ble  r e c e s s i v e  du^wx and the triply 





F i g .  2 1 .  A n  I l lustrat ion of the A m y l o p e c t i n -  
1 ,  6 - G l u c o s i d a s e  I s o e n z y m e s  of M a iz e .  
A r r o w  in d ic a te s  d i re c t io n  of m igrat ion  
t o w a r d s  the a n o d e .
e x p e c t  that mutants  high in b r a n c h e d  s t a r c h e s  would conta in  low 
R - e n z y m e  l e v e l s  and that mutants  low in b r a n c h e d  s t a r c h e s  might 
co nta in  h i g h e r  l e v e l s  ol R - e n z y m e .  T h i s  w a s  not found to b e  the 
c a s e  in the p r e s e n t  s tu d y .  Mutant w x ,  w hich  s t o r e s  100% a m y l o ­
p e c t in ,  co n ta in e d  the s a m e  R - e n z y m e  i s o e n z y m e s  a s  mutant a e ,  
w hich  c o n t a in s  a l a r g e  port io n of the l i n e a r  a m y l o s e  s t a r c h .  T h e  
s t r o n g e s t  R - e n z y m e  activity w a s  found in the s t a r c h y  i n b r e d s  O h 7  
and O h 4 3 . T h e s e  n o r m a l  ty p e s  g e n e r a l l y  co nta in  only  about 29% 
a m y l o s e . No c o r r e l a t i o n  c a n  b e  m ad e  at p r e s e n t  with r e s p e c t  to 
R - e n z y m e  activity and the different p r o p o r t i o n s  of b r a n c h e d  and 
l i n e a r  s t a r c h e s  in the mutant e n d o s p e r m  l i n e s .
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A M Y L A S E  I S O E N Z Y M E S
1 .  Introduct ion and S t a in in g  T e c h n i q u e
T w o  m a j o r  ty p e s  of a m y l a s e s  e x i s t .  T h e  a - a m y l a s e s  a r e  
found in a n im a ls  and in c e r t a i n  plant t i s s u e s  at c e r t a i n  s t a g e s  of 
g r o w t h .  T h e  p - a m y l a s e s  a r e  m o st  c o m m o n  in plants  and a r e  
found in m o st  t i s s u e s  of p la n ts .  B o th  ty p e s  of a m y l a s e s  attack  
1 , 4 - g l u c o s i d i c  b o n d s  with the eventual r e l e a s e  of m a l t o s e .  p -  
a m y l a s e  a t t a c k s  m a l to d e x tr in s  at the n o n r e d u c in g  e n d ,  c le a v in g  off 
m a l to s e  units a s  it w o r k s  its w a y  along the m al to d e xtr in  c h a i n .
Its  act ivi ty i s  hal ted  w h e n  it e n c o u n t e r s  b o n d s  o t h e r  than the 1 , 4 -  
g lu c o s i d ic  bond ( e g . ,  1 , 6 - g l u c o s i d i c  b o n d s ) ,  a - a m y l a s e  a t t a c k s  a 
m al to d e xtr in  at r a n d o m  c a u s in g  frac t ion at ion  of r e la t iv e l y  l a r g e  
m o l e c u l e s  and p ro d u c in g  a  m ix tu re  of sm al l  m a l t o d e x t r i n s .  T h e  
s m a l l e r  m a l to d e x tr in s  a r e  a l so  s u b je c t  to a t tack  by  the a - a m y l a s e  
re su l t in g  in the eventual produ ct ion  of m a l t o s e .  L i k e  P - a m y l a s e ,  
a - a m y l a s e  ca n n o t  c l e a v e  b o n d s  o t h e r  than the 1 , 4 - g l u c o s i d i c  b o n d .  
B r a n c h e d  m a l to d e x tr in s  s u b je c t e d  to p - a m y l a s e  a t tack  u n d e rg o  
l imited d e g r a d a t io n .  T h e  p r o d u c t s  of s u c h  an attack  a r e  m a l to se  
and p-lim it  d e x t r in .  L i k e w i s e ,  a b r a n c h e d  m al to d e xtr in  s u b je c t e d  
to a - a m y l a s e  p r o d u c e s  a - l im it  d e x t r in  and m a l t o s e .
T h e  p r e s e n t  study involved all of the a m y l a s e s  in the 
e x t r a c t s . No attem.pt w a s  m a d e  to dif ferentiate  b e t w e e n  the two 
ty p e s  of a m y l a s e s .
T w o  g e n e r a l  t e c h n iq u e s  w e r e  u s e d  in the p r e s e n t  study to 
stain  f o r  a m y l a s e  act iv i ty .  A c r y l a m i d e  g e l s  w e r e  u s e d  due to the 
affinity the a m y l a s e s  h a v e  fo r  s t a r c h  g e l s .  T h e  f i r s t  tech niqu e  
involved i n c o r p o r a t i n g  0 . 1 % s t a r c h  ( a m y l o s e  o r  a m y lo p e c t in )  into 
the gel  p r i o r  to e l e c t r o p h o r e s i s .  F o l lo w i n g  e l e c t r o p h o r e s i s ,  the 
g e l s  w e r e  in cu bated  in O . I M  t r i s - c i t r a t e  buffer  (pH  5 . 2 )  at 3 7 ° C  
f o r  o n e  h o u r .  T h e  g e l s  w e r e  then r i n s e d  with w a t e r  and s ta ined  
with KI solut ion a s  d e s c r i b e d  fo r  p h o s p h o r y l a s e  s ta in in g .  T h e  
a m y l a s e  i s o e n z y m e s  a p p e a r e d  a s  c l e a r  z o n e s  a g a in s t  a  r e d - p u r p l e  
b a c k g r o u n d  in the c a s e  of i n c o r p o r a t e d  a m y lo p e c t in ,  o r  blue  b a c k ­
g r o u n d  in the c a s e  of i n c o r p o r a t e d  a m y l o s e .  T h e  i n c o r p o r a t e d  
s t a r c h e s  c a u s e d  a  sm al l  amount  of c h a n g e  in the m ig ra t io n  r a t e  of 
the i s o e n z y m e s  due to the affinities of the a m y l a s e s  f o r  the 
i n c o r p o r a t e d  s t a r c h .  G o o d  s e p a r a t i o n s  of the a m y l a s e s  w e r e  
a c h i e v e d ,  h o w e v e r ,  u s ing  only  0 . 1 % c o n c e n t r a t i o n s  of i n c o r p o r a t e d  
s t a r c h .
T h e  s e c o n d  method of sta ining did not involve  in c o r p o r a t i o n  
of s t a r c h  in the g e l .  T h e  g e l s  w e r e  in cu bated  in a 2% s t a r c h -  
bu f fer  so lution f o r  2 h o u r s  at 3 7 ° C .  T w o  g r a m s  a m y l o s e  w e r e  
d i s s o lv e d  b y  heat ing  in O . I M  t r i s - c i t r a t e  bu f fer  (p H  6 . 2 ) .  T h e  
m ix tu re  w a s  c o o l e d  and the gel  w a s  i m m e r s e d  and in c u b a t e d .
T h e  gel  w a s  s ta in ed  us ing  the KI solution tech niqu e  d e s c r i b e d  for
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p h o s p h o r y l a s e  s ta in ing .  H e r e ,  l ike the p r e v i o u s  s ta in ,  the 
a m y l a s e  i s o e n z y m e s  a p p e a r e d  a s  c l e a r  z o n e s  a g a in s t  a blue b a c k ­
g ro u n d  .
P h o s p h o r y l a s e  i s o e n z y m e s  w e r e  not s ta ined  using  this t e c h ­
nique due to the a b s e n c e  of p h o s p h a te .
2 .  D e s c r i p t i o n  and O c c u r r e n c e
A m y l a s e  i s o e n z y m e s  following the sta ining t e c h n iq u e s  
d e s c r i b e d  a b o v e  w e r e  e x a m in e d  in im m a tu re  e n d o s p e r m  ( 1 6  d a y s  
following pollination) of h o m o z y g o u s  suj^ l in e s  and in e n d o s p e r m ,  
sc u te l lu m ,  r o o t ,  f i r s t  l e a f ,  and c o l e o p t i l e ‘ t i s s u e s  of 7 - d a y  old 
s e e d l i n g s  of the s a m e  i n b r e d .  F i g u r e  2 2  i l lu s t r a t e s  the a m y l a s e  
i s o e n z y m e s  found in the m a i z e  t i s s u e s .  E ight  well  defined i s o ­
e n z y m e s  w e r e  found along with s e v e r a l  l a r g e  z o n e s  extending 
f ro m  the o r ig in  t o w a r d s  the ano d e  that w e r e  s m e a r e d  and difficult 
to c l a s s i f y  a s  i s o e n z y m e s .  Im m a tu re  e n d o s p e r m  w a s  found to 
co nta in  fo ur  dist inct i s o e n z y m e s  and a  sm al l  amount of c l e a r i n g  at 
the o r i g i n .  I s o e n z y m e  A  of the im m a tu re  e n d o s p e r m  ( F i g u r e  2 2 )  
w a s  a lso  found in the e n d o s p e r m  and scu te l lu m  t i s s u e s  of the 
s e v e n - d a y  old s e e d l i n g s .  I s o e n z y m e  G of the im m a tu r e  e n d o ­
s p e r m  c o r r e s p o n d e d  to the s ing le  a m y l a s e  i s o e n z y m e  found in the 
r o o t ,  f i r s t  l e a f ,  and co leopt i le  t i s s u e s  of the s e v e n - d a y  old s e e d ­
l in g s .  T h e  m a t u r e  e n d o s p e r m  of the s e v e n - d a y  old se ed l in g  had 
an a m y l a s e  i s o e n z y m e  not found in o t h e r  t i s s u e s  ( d e s ig n a te d  B  in
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F i g .  2 2 .  A n  I l lustrat ion of the A m y l a s e  I s o e n z y m e s  of M aize  
A r r o w  in d ic a te s  d i re c t io n  of m igra t ion  t o w a r d s  the anode .
I ' ( l )  im m a tu r e  e n d o s p e r m ,  ( 2 )  e n d o s p e r m ,  ( 3 )  s c u te l lu m ,  ( 4 )  r o o t ,  
plumule ,  and co leopt i le  f ro m  7 - d a y  old s e e d l in g s  of in b re d  A A 3  
( H aw  . ) .
F i g u r e  2 2 )  . T h e  scute l lum  of the s e v e n - d a y  old s e e d l in g s  
co nta ined  two i s o e n z y m e s  ( C  and D )  not found in o l h e r  t i s s u e s .  
C la s s i f i c a t io n  of the a m y l a s e s  a s  to a lph a  and b e ta  ty p e s  w a s  not 
a t te m p te d .
3 .  C h a n g e s  D u r in g  G e r m in a t io n  and D e v e lo p m e n t
I n b r e d  A A 3  w a s  u s e d  in a  developm ental  study of the a m y l­
a s e  i s o e n z y m e s .  S e e d  of in b re d  A A 3  w a s  s o a k e d  for  2 4  h o u r s  
and then t r a n s f e r r e d  to petr i  d i s h e s  contain ing m o is te n e d  filter 
p a p e r .  T h e  2 4 - h o u r  so a k in g  p e r io d  w a s  c o n s i d e r e d  the f i r s t  day 
of g e r m in a t io n .  O n  the th ird day  of g e r m in a t io n ,  the petr i  d i s h e s
w e r e  r e m o v e d  f r o m  the d a r k  w h e r e  th ey had b e e n  s t o r e d ,  fol­
lowing so w in g  of the s e e d ,  and p la c ed  on the b e n c h to p  in the 
l a b o r a t o r y .  E n d o s p e r m  and scute l lum  t i s s u e s  w e r e  s e p a r a t e d  
and w a s h e d  with disti lled w a t e r .  T i s s u e  s a m p l e s  f ro m  1 ,  2 ,  3 ,
4 ,  5 ,  6 , and 7 - d a y  old s e e d l i n g s  w e r e  e x t r a c t e d  and s u b je c t e d  to 
e l e c t r o p h o r e s i s .  A m y l a s e  act ivity following the tech niqu e  
d e s c r i b e d  a b o v e  w a s  a n a ly z e d .
F i g u r e  23  i l lu s t r a t e s  the i s o e n z y m i c  p a t te r n s  noted in this
s tudy.  A s  c a n  b e  s e e n  f ro m  the f ig u r e ,  all of the i s o e n z y m e s
found in t h e s e  t i s s u e s  w e r e  p r e s e n t  throughout the g e rm in a t io n  
p e r i o d .  T h e  only c h a n g e  in p a t te rn  noted w a s  an i n c r e a s e  in 
i s o e n z y m e  intensity a s  the se e d l in g  ag ed  o r  a s  g e rm in a t io n  
p r o c e e d e d .  I s o e n z y m e  A  in the scute l lum  a p p e a r e d  to d e c r e a s e  
sl ightly in intensity o v e r  th is  p e r i o d .
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F i g .  2 3 .  C h a n g e s  in the A m y l a s e  I s o e n z y m e  P a t t e r n s  of E n d o s p e r m  
and S c u t e l l u m  T i s s u e s  f ro m  G e r m in a t in g  S e e d  of In b r e d  A A 3  
( H a w  . ) ,  D u r in g  S e e d l i n g  D e v e lo p m e n t .
^ E x t r a c t s  f rom- ( l ) - { 7 )  day old s e e d l i n g s .
S U M M A R Y
T h e  p r i m a r y  o b je c t iv e  of the study w a s  that of the g e n e t i c  
a n a l y s i s  of p o ly m o r p h is m s  o b s e r v e d ,  and ten di f ferent co ntro l l ing  
loci  h a v e  b e e n  d e s c r i b e d .  G e l  e l e c t r o p h o r e t i c  s tu d ies  w e r e  c o n ­
ducted for  e s t e r a s e ,  L - a s p a r t a t e : 2 - o x o g I u t a r a t e  a m i n o t r a n s f e r a s e  
( G O T ) ,  and s e v e r a l  c a r b o h y d r a s e  e n z y m e s  in Z e a  m a y s .  A d d i ­
tional s t u d ie s  inc luded t i s s u e  spec i f ic i ty  of the i s o e n z y m e s ,  the 
d e v elo p m e nt  of the  i s o e n z y m i c  s p e c t r u m  in developing  plant t i s s u e s ,  
s u b s t r a t e  s p e c i f i c i t i e s  of the i s o e n z y m e s ,  and inhibition and a c t i v a ­
tion of the i s o e n z y m e s  b y  a v a r i e t y  of c h e m i c a l  c o m p o u n d s .
E s t e r a s e :  A p p r o x i m a t e l y  30  anodal e s t e r a s e  i s o e n z y m e s
w e r e  found in the 17 t i s s u e s  of m a iz e  a n a ly z e d  in the p r e s e n t  
s tudy .  T h r e e  i s o e n z y m e s  w e r e  found to b e  r e s t r i c t e d  to im m a tu re  
e n d o s p e r m ,  two w e r e  r e s t r i c t e d  to po l len ,  and a- s in g le  g r o u p  of 
i s o e n z y m e s  w a s  r e s t r i c t e d  to se ed l in g  r o o t  t i s s u e .  F i v e  i s o e n z y m e s  
w e r e  found in all t i s s u e s  e x a m i n e d .  T h e  o t h e r  i s o e n z y m e s  w e r e  
found in s e v e r a l  t i s s u e s .
I s o e n z y m i c  p a t t e r n s  c h a n g e d  with d e v elo p m e nt  and g r o w t h .  
S e v e r a l  i s o e n z y m e s  w e r e  found to a p p e a r  o r  d i s a p p e a r  during 
g e r m in a t io n  and s e e d l in g  d e v e lo p m e n t .
S e v e r a l  s u b s t r a t e s  w e r e  te s t e d  with e x t r a c t s  f r o m  s e l e c t  
i n b r e d  l in e s  in an  attempt to d e t e r m in e  th e  s u b s t r a t e  sp e c i f ic i ty  of 
the i s o e n z y m e s .  G e n e r a l l y  s p e a k i n g ,  only  the s h o r t e r  ch a in
s u b s t r a t e s  w e r e  h y d r o ly z e d  at a  s ignificant  r a t e .  S e v e r a l  i s o ­
e n z y m e s  w e r e  ab le  to h y d r o ly z e  the l ipid-like  l o n g e r  c h a in e d  
s u b s t r a t e s .  C la s s i f i c a t io n  on the b a s i s  of l ip a s e  and e s t e r a s e  
w a s  not appl ied due to o v e r la p p in g  s u b s t r a t e  s p e c i f i c i t i e s .
A p p r o x i m a t e l y  4 0  o r g a n i c  and i n o r g a n ic  c o m p o u n d s  w e r e  
te s t e d  a s  inh ib i tors  and a c t i v a t o r s .  S p e c i f i c  inhibition w a s  a c h i e v e d  
with f lu o r id e ,  p e r m a n g a n a t e ,  E D T A ,  p C M B ,  and a  n u m b e r  of 
o r g a n o p h o s p h a t e  and c a r b a m a t e  c o m p o u n d s .  S p e c i f i c  act ivat ion 
w a s  a c h i e v e d  with a t r o p in e .  C la s s i f i c a t io n  of the e s t e r a s e s  on  the 
b a s i s  of inhibition w a s  u n s u c c e s s f u l  due to differential  s e n s i t iv i t ies  
b y  the i s o e n z y m e s  t o w a r d s  s e v e r a l  o r g a n o p h o s p h a t e s .
G e n e t i c  a n a l y s i s  of the e s t e r a s e s  led to the d e s c r ip t io n  of 
nine n e w  control l ing  l o c i .  T h e  g e n e  sy m b o l  O e ^  w a s  postula ted 
a s  des ignat ing  the r e g u l a t o r y  port ion of a  'p r im e  al le le '  control l ing  
the E 4  e s t e r a s e  l o c u s .  I n te ra c t io n  b e t w e e n  the O e ^  port io n of the 
E ^  l o c u s  and functional a lle le  of a  s e c o n d  r e g u l a t o r y  l o c u s  ( R e ^ )  
r e s u l t e d  in c e s s a t i o n  of e n z y m e  product ion  in l in e s  conta ining the 
'p r im e  alle le '  but not in l ines  containing a ' s t a n d a r d  a l l e l e ' .
T h e  E g  e s t e r a s e s  w e r e  co n tro l le d  b y  two independently  
s e g r e g a t i n g  loci  ( E 5 - I  and E g - I I ) .  T h e  m e c h a n i s m  of co n tro l  
a p p e a r e d  to b e  o n e  of r e c e s s i v e  co m p l im e n ta t io n .
T h e  E g  through E j q^ e s t e r a s e s  a r e  m o n o g e n ic  in b e h a v i o r  
and co n ta in e d  two o r  t h r e e  a l l e l e s  at e a c h  l o c u s .
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L - a s p a r t a t e  : 2 - o x o g I u t a r a t e  a m i n o t r a n s f e r a s e :  T h i r t e e n
G O T  i s o e n z y m e s  w e r e  found in the t i s s u e s  s tudied .  AH m ig ra te d  
t o w a r d s  the ano d e  at pH 8 . 2 .  T i s s u e  sp e c i f ic i ty  w a s  noted for 
s e v e r a l  of the i s o e n z y m e s  and four i s o e n z y m e s  w e r e  found in all 
t i s s u e s .  C h a n g e s  in the i s o e n z y m e  s p e c t r u m  of develo ping t i s ­
s u e s  w e r e  noted .
All  13 i s o e n z y m e s  w e r e  s p e c i f i c  fo r  the L - f o r m  of a s p a r t i c  
a c i d .  T h r e e  i s o e n z y m e s  w e r e  ab le  to utilize keto  a c i d s  o t h e r  
than k e t o g lu t a ra te  while  the r e m a in in g  i s o e n z y m e s  w e r e  s p e c i f i c  
f o r  k e t o g l u t a r a t e .
G e n e t i c  a n a l y s i s  s h o w e d  that two i s o e n z y m e s  w e r e  c o n t ro l le d  
b y  the s a m e  l o c u s  ( T a j ^ ) .  T h e s e  two i s o e n z y m e s  fo r m e d  a 
h y b r id  i s o e n z y m e  in h e t e r o z y g o t e s .
C a r b o h y d r a s e s : F o u r  p h o s p h o r y l a s e  i s o e n z y m e s  w e r e
found in m a iz e  and fo ur  w e r e  found in potato t u b e r s .  S e v e r a l  of 
the m a i z e  i s o e n z y m e s  a p p e a r e d  to s y n t h e s i z e  a m y l o s e - I i k e  poly ­
s a c c h a r i d e  in the a b s e n c e  of supplied p r i m e r  m a t e r i a l s .  A  s ing le  
i s o e n z y m e  f ro m  potato had the s a m e  c a p a c i t y .  T h e  ' p r i m e r - f r e e '  
p h o s p h o r y l a s e s  f ro m  m a iz e  and potato w e r e  r e s p o n d e n t  to p r i m e r s  
a s  indicated  b y  i n c r e a s e d  l e v e l s  of s y n t h e s i s  in the p r e s e n c e  of 
p r i m e r s .
A m y l o p e c t i n - 1 , 6 - g l u c o s i d a s e  ( R - e n z y m e )  activity w a s  found 
in s e v e r a l  t i s s u e s  of m a i z e .  S i x  well  defined i s o e n z y m e s  w e r e  
found.
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S e v e r a l  a m y l a s e  i s o e n z y m e s  w e r e  found in dif ferent t i s s u e s  
of m a i z e .  S e v e r a l  of the i s o e n z y m e s  exhibi ted  t i s s u e  s p e c i f i c i ty .  
E n d o s p e r m  and scu te l lu m  t i s s u e  s h o w e d  i n c r e a s e d  a m y l a s e  
act ivity with i n c r e a s e d  a g e  of germ in at in g  s e e d .
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